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General introduction
In open inquiry-based science education (IBSE), pupils formulate research questions and 
design and conduct their own investigations to answer their questions. The role of the 
teacher is focused on supporting pupils during these investigations. This thesis addresses 
the development of a pedagogical framework combined with tools (scaffolds), which 
are used as a base for developing a teacher professionalisation programme on IBSE. In 
the following paragraphs, first the pedagogy of IBSE will be elaborated. Second, the 
attention to IBSE in primary education and the importance of IBSE in primary schools 
in the Netherlands will be addressed. Subsequently, the problem statement of the thesis 
will be clarified, and the context, the research questions and the outline of the thesis will 
be provided.
1.1 Inquiry-based science education
 
In the 1960s, discovery learning represented a new teaching approach in response to 
traditional teaching methods. Instead of instruction that centred around top-down 
teacher guidance with memorisation and repetition as most important routes to 
internalise knowledge, explorations by pupils themselves were emphasised (Bruner, 
1961). Bruner explained that when pupils are encouraged to discover and solve problems 
by themselves, they will develop an understanding about inquiry that they can apply to 
solve problems in different situations. These ideas resembled Dewey’s view on the active 
process of learning in which pupils learn by combining doing and experiencing with 
thinking about these activities (Dewey, 1910). Inquiry-based science education (IBSE) 
is founded on these ideas. 
  Schwab advocated “science as inquiry” to emphasise the importance of knowing 
how scientific knowledge is generated in science education (Schwab, 1960, p. 186). He 
distinguished three levels of inquiry: a level in which pupils follow prescribed steps from 
problem to answer; a level in which the teacher provides the problem and pupils design 
and conduct an investigation to solve the problem; and a third level that enables pupils 
to solve a problem that they have observed and want to investigate. In the current study, 
I focus on this third level of open inquiry-based learning. 
  In open inquiry-based learning, pupils design and conduct their own 
investigations to answer their own research questions while the teacher supports them 
when needed (Windschitl, 2003). They make use of prior knowledge and construct new 
knowledge while being supported in their “zone of proximal development” (Vygotsky, 
1978). In this zone, the teacher assists pupils to understand elements of the inquiry 
process which they do not understand by themselves. As pupils prefer active learning 
in which they can answer their own questions and find out how things work (Braund 
& Driver, 2005; Murphy & Beggs, 2003), inquiry-based learning contributes to a 
positive attitude towards science and enables pupils to increase their understanding of 
the inquiry process (Van Graft & Kemmers, 2007).
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1.2 Promoting IBSE in primary education
In several countries, projects and programmes have been developed to promote IBSE 
in primary education. In the Netherlands, for example, the project “Science education 
for primary school” started in 1978 to promote active inquiry- and discovery-based 
learning (Keursten & Van den Akker, 1991). The project focused on interdisciplinary 
science education via hands-on inquiry- and discovery-based learning. However, due to 
problems with implementation, such as insufficient time to prepare lessons (Keursten 
& Van den Akker, 1991) and changes in regulations by the government (Van Graft & 
Kemmers, 2007), the results of this project were not implemented throughout primary 
schools in the Netherlands. In later projects, e.g., Pollen, PRIMAS, and Mascil, different 
countries collaborated to promote inquiry-based science in primary and secondary 
education (Jasmin & Van den Berg, 2010; Mascil, 2014; PRIMAS, 2011). PRIMAS, 
for example, focused on developing materials, teacher professional development and 
professional networks to implement inquiry-based learning in science and mathematics 
education (PRIMAS, 2011). In the PRIMAS project, different activities were developed 
to support teachers, for example, by elaborating the difference between structured 
problems which pupils could solve by following prescribed steps, and unstructured or 
open problems. Although advice was provided about the amount of teacher guidance 
during unstructured activities, e.g., giving just enough guidance to enable pupils to 
proceed with their activities, more research is needed about how teachers can support 
their pupils during unstructured open inquiry-based learning. In chapter 2, this problem 
is further elaborated.
  Teacher professionalisation to guide inquiry-based learning was centralised 
in several programmes. The French foundation La main à la pâte promotes the 
professionalisation of teachers in order to implement inquiry-based learning 
in kindergarten, primary and middle schools. This foundation developed local 
professionalisation centres that organise different workshops and courses for teachers 
focused on inquiry-based learning (Fondation La main à la pâte, 2015). Another 
programme that addresses the professionalisation of teachers is Primary Connections in 
Australia. This programme includes a pedagogical model in which science and literacy are 
centralised, based on the phases: engage, explore, explain, elaborate, and evaluate. Pupils 
are involved in hands-on activities to develop their understanding about science processes 
and scientific phenomena. To implement the pedagogical model in classroom practice, 
a teacher professionalisation model was developed. Components of this model are, for 
example, curriculum materials and workshops, which contributed to teachers’ confidence 
and ability to improve pupils’ scientific literacy (Hackling, 2006). Although these 
programmes show promising results, more research is needed about which components 
are essential to address during the professionalisation of primary school teachers in IBSE. 
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In chapter 2, this problem is further discussed.
  The attention to inquiry-based learning in the previously mentioned 
programmes and projects shows that it has been recognised as an important pedagogy to 
teach pupils to design and conduct their own investigations in order to answer their own 
questions. Since it is not known how inquiry-based learning can be optimally guided 
and how teachers can be ideally professionalised to implement this way of guidance in 
classroom practice, the current thesis focuses on these issues. 
1.3 IBSE in primary schools in the Netherlands
The studies described in this thesis were conducted in the Netherlands. For each subject 
in primary schools in the Netherlands core goals have been formulated. The core goal 
specifically related to inquiry-based learning is: “Pupils learn to investigate materials 
and scientific phenomena, such as light, sound, electricity, force, magnetism and 
temperature” (Ministerie van Onderwijs, Cultuur en Wetenschap [OCW], 2006, p. 
53). This core goal is part of “science and technology”, which includes nature, scientific 
phenomena, and technical issues. In addition to the described core goal, pupils should 
learn about the structure of plants, animals, and people. They should design solutions 
for technical problems and increase their understanding about weather, seasons, and 
climate change (OCW, 2006). Each school can decide how to achieve these goals and 
implement science and technology, including inquiry-based learning, in the curriculum. 
  Unfortunately, the subject of science and technology is not addressed in 
classroom practice in the Netherlands frequently. The survey of Kneepkens, Van der 
Schoot, and Hemker (2011) showed that about half of the teachers teach science and 
technology once a month or less in their classrooms. The amount of time spent on 
each of these lessons is about 30 to 45 minutes. Since the publication of this survey, 
schools claim to have increased their attention to science and technology (Van der Wel, 
2015), though more than half of the schools think they pay an insufficient amount of 
attention to this domain. Therefore, it is important to increase the amount of science 
and technology in primary education. 
  According to the Exploratory Commission for science and technology in 
primary education, science and technology should be included in the curriculum 
of primary schools for 10 percent or more (Verkenningscommissie wetenschap en 
technologie primair onderwijs, 2013). This Exploratory Commission was established 
in the Netherlands in 2012 to provide advice on science and technology in primary 
education. Their advice included the development of guidelines for science and 
technology, and the professionalisation of teachers in the pedagogy of inquiry-based 
learning. The recommendations of the Exploratory Commission were incorporated in a 
National Technology Pact. This Pact was composed in 2013 by educational institutions, 
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companies and the government to promote: choosing for technology education; learning 
about technology; and working in the field of technology (Techniekpact, 2013). For 
primary education, these institutions agreed that science and technology, including 
inquiry-based learning, must be addressed structurally in all primary schools by the year 
2020. In addition, they determined that teachers should be professionalised to teach 
science and technology in their classrooms.
1.4 Problem statement of the thesis
Professionalisation of teachers in IBSE is required, as they are faced with difficulties 
during the implementation of inquiry-based learning in their own classrooms. They 
are often insecure about their own content knowledge and lack confidence in teaching 
science and inquiry-based learning (Harlen & Holroyd, 1997; Kneepkens et al., 2011; 
Murphy, Neil, & Beggs, 2007; Yoon, Joung, & Kim, 2012; Zion, Cohen, & Amir, 
2007). The results of a questionnaire in the study of Kneepkens et al. (2011) showed that 
about half of the 332 participating Dutch primary school teachers perceived deficiencies 
in their expertise to teach science. In addition, according to Harlen and Holroyd (1997), 
primary school teachers have difficulties explaining science concepts and their relations, 
such as “carbon dioxide is produced when fossil fuels are burned” (Harlen & Holroyd, 
1997, p. 97). In the study of Harlen and Holroyd, sixty upper primary school teachers 
were asked to explain different science concepts and their relations. The teachers’ 
understanding of the concepts that Harlen and Holroyd presented in their study was 
in line with the teachers’ confidence to teach science. When the teachers’ conceptual 
knowledge was high, in most cases their confidence to teach science was high as well, 
and vice versa, when their conceptual understanding was low, their confidence to teach 
science in most cases was low. The findings of Harlen and Holroyd about teachers’ 
difficulties with science concepts and lack of confidence match the results of Murphy et 
al. (2007). Half of the 300 interviewed teachers in their study stressed problems with 
ability and confidence as important issues in science education. These issues have impact 
on science teaching, as teachers try to avoid it or rely on highly structured materials 
when they lack confidence in their own science teaching (Harlen & Holroyd, 1997). 
Apart from teachers’ limited amount of confidence in their own conceptual knowledge, 
Yoon et al. (2012) mentioned the difficulty of 16 pre-service primary school teachers in 
incorporating pupils’ ideas in the lessons, supporting pupils to design investigations that 
match the assumptions that they have about a certain topic, supporting the conclusion 
and discussion of results, deciding when to support pupils and when to enable their self-
directed learning, and understanding the difference between hypothesis and prediction. 
  Not only teachers, but also pupils lack understanding of science concepts and 
the inquiry process (Zion et al., 2007). Zion et al. included 10 teachers in their study 
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who were interviewed after participating in a teacher professional development (TPD) 
programme about open inquiry-based learning. According to the teachers, their pupils 
of grade 11 designed investigations that did not match the phenomenon they wanted 
to investigate and had difficulty measuring, processing and writing down their results. 
To address pupils’ difficulties during inquiry-based learning, I will elaborate different 
views on the importance of knowledge and skills in education in chapter 2, and will 
describe the development of a pedagogical framework to support pupils’ inquiries in 
chapter 3. As scaffolds are recommended to inform pupils, structure the inquiry process, 
and explicit their thinking (Hmelo-Silver, Duncan, & Chinn, 2007), I will describe 
the implementation of hard and soft scaffolds by teachers to support pupils during the 
inquiry process in chapter 4. Scaffolding is temporary teacher support (Lajoie, 2005) 
when pupils face difficulties during the inquiry process that is faded when pupils are able 
to proceed with their investigations. Teachers can provide scaffolding by implementing 
hard and/or soft scaffolds. Hard scaffolds are documents that are prepared in advance, 
because the teacher expects pupils’ difficulties with elements of the inquiry process. 
The unpredicted challenges and problems that pupils face during their inquiries can 
be overcome by soft scaffolding (Saye & Brush, 2002). As pupils are expected to direct 
their own inquiry process during open inquiry-based learning (Zion et al., 2007), I 
investigated whether and how these scaffolds contribute to their self-directed learning.
  After investigating how teachers can be supported to guide open IBSE and how 
they can implement scaffolds that contribute to pupils’ self-directed learning, I developed 
a professionalisation programme based on the results of these investigations. This is in 
line with the claim of Murphy et al. (2007, p. 428) that “there is a need for substantially 
increasing science professional development for primary teachers” to overcome teachers’ 
difficulty to support their pupils during science education. In addition, Yoon et al. 
(2012) recommended to pay attention to subject matter knowledge, pedagogical content 
knowledge, and the nature of inquiry during teacher professionalisation. Therefore, 
the current thesis includes a TPD programme in chapter 5, which focuses on teachers’ 
knowledge of and attitude towards inquiry-based learning. 
1.5 Science Education Hub Radboud University
The empirical studies described in chapters 3, 4 and 5 of the current thesis were conducted 
within the context of Science Education Hub Radboud University. Science Education 
Hubs have been developed in the Netherlands since 2009. In each Science Education 
Hub a university collaborates with primary schools and, for example, teacher education 
colleges and science centres. The mission of these Science Education Hubs is to promote 
primary school pupils’ enthusiasm for science and to develop scientific activities for 
them. Examples of their products and activities are inquiry-based lesson modules, 
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teacher professional development programmes, books and videos about inquiry-based 
learning, and scientist visits to primary schools (e.g., Dekker & Van Baren-Nawrocka, 
2017). In this thesis, the activities of Science Education Hub Radboud University were 
investigated, since this was the first Science Education Hub in the Netherlands that 
translated scientific research into inquiry-based lesson modules for primary schools. In 
addition, the inquiry-based lesson modules of this Science Education Hub not only 
focus on natural sciences, but also on social science and humanities (Dekker & Van 
Baren-Nawrocka, 2017), which corresponds with my view of science expressed in this 
thesis.   
  The goal of Science Education Hub Radboud University is to connect research 
with primary education in order to familiarise primary school pupils and their teachers 
with current and relevant scientific findings. In addition, the goal is to develop pupils’ 
and teachers’ scientific attitude, improve their understanding about the way that scientific 
knowledge is generated, and stimulate their enthusiasm about science. To reach these 
goals, Science Education Hub Radboud University collaborates with researchers who 
have been awarded by Radboud University for their excellent research. The Science 
Education Hub composes project teams in which the researchers collaborate with 
primary school teachers to translate their research into inquiry-based lesson modules for 
primary schools. Subsequently, the primary school teachers who are part of the project 
teams, implement these inquiry-based lesson modules in their own classrooms. In these 
lessons, pupils design and conduct their own investigations to answer their own research 
questions. How to guide pupils during these inquiry-based lesson modules and the 
professionalisation of teachers to implement these modules is studied in the current 
thesis. 
1.6 Research questions and outline of the thesis
In chapter 2, an outline of current discussions concerning IBSE, such as different views 
on the importance of knowledge and skills in education, will be provided. Subsequently, 
I will answer the following research questions in chapters 3, 4, and 5:
1) How can primary school teachers support their pupils during open IBSE?
2) How does teacher implementation of hard and soft scaffolds contribute to pupils’ 
 self-directed learning during open inquiry? 
3) Whether and to what extent does a TPD programme, based on a pedagogical 
 framework for inquiry-based learning combined with hard and soft scaffolds, 
 contribute to primary school teachers’ knowledge of and attitudes towards IBSE?
15
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To answer the first research question, the development of a pedagogical framework 
will be clarified in chapter 3. This framework aims to enable teachers to optimise their 
support and guidance during inquiry-based learning. To facilitate the implementation 
of the pedagogical framework, hard and soft scaffolds were developed and connected 
to the framework. In chapter 4, it will be elaborated how teacher implementation of 
the hard and soft scaffolds contributes to pupils’ self-directed learning during open 
inquiry, which will answer the second research question. The pedagogical framework 
and scaffolds were used as a base for a TPD programme to facilitate optimal guidance 
of inquiry-based learning by primary school teachers. To answer the third research 
question, the development and results of the TPD programme will be described in 
chapter 5. Finally, in chapter 6 the general conclusions of the thesis will be provided. 
Appendix E in chapter 6 provides practical information for teachers to guide inquiry-
based learning, based on the results described in chapters 3 and 4.
Chapter 1
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In this chapter, current discussions concerning IBSE will be addressed. First, different 
views on the importance of knowledge and skills in education will be elaborated. 
Subsequently, after addressing the importance of inquiry-based science education 
(IBSE), I will explain my view on the knowledge and skills that pupils should learn 
during inquiry-based learning and elaborate how teachers can support pupils’ knowledge 
and skills during the inquiry process. This provides argumentation for the empirical 
studies described in chapters 3 to 5.
2.1 Knowledge versus skills
Researchers and policy-makers are debating how education should adapt to developments 
in the 21st century, such as digitalisation and globalisation. Since the appearance of the 
computer in everyday life, some researchers claim that it has become less important to 
know facts, and more important to know how to collaborate, be creative and critical, and 
know how to solve problems. They suggest that primary schools should adapt and focus 
less on understanding facts and more on these 21st century skills to prepare pupils for 
their future role in society (Creemers, 2014; Lai & Viering, 2012). This point of view is 
in line with teaching methods that are focused on discovery and inquiry-based learning, 
described in the introduction chapter of this thesis, because pupils are encouraged to 
solve their own problems and conduct their own investigations.
  However, not all educational researchers and psychologists agree with the 
attention to 21st century skills in education. Hirsch (2016), for example, believes that 
the focus in education should be on knowledge instead of skills. He described that pupils’ 
achievements in schools in the United States decreased between 1960 and 1980, and 
that these achievements have continued to stay low. According to Hirsch, these results 
were caused by the educational system that addressed the needs of individual pupils, 
e.g., different learning styles, and general skills, such as solving problems, instead of 
pupils’ knowledge. In the subsequent paragraphs, the different views on the importance 
of knowledge and skills in education are studied to determine my point of view as a base 
for the empirical studies in the following chapters.
 As an important advocate of the value of knowledge development in education, 
the claims of Hirsch (2016) are described in the following paragraphs. Hirsch wrote his 
book “Why knowledge matters” after discovering the decrease in pupils’ achievements 
in French schools. He described that the French educational system in the period 
before 1989 comprised a national curriculum focused on knowledge and community. 
After that period, the educational law “loi Jospin” instructed schools to formulate local 
curriculums. In addition, the importance of individual attention to each pupil’s abilities 
was addressed, and 21st century skills, such as problem solving and creativity, were 
centralised. Unfortunately, the achievements of French primary school pupils (ten-year-
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olds) dropped in the period after 1989. Hirsch claims that the change in curriculum was 
the cause of this decline, because other elements, such as the quality of teachers, stayed 
the same. Although the number of immigrants had increased in this time period, this 
was not a factor of importance according to Hirsch, because the achievements in each 
demographic group, such as middle class pupils or pupils of unemployed parents, had 
dropped. The French educational system resembled the American educational system 
with its focus on how pupils develop, their individuality, and general skills, which had 
resulted in a decrease in pupils’ achievements and had led to the report “A Nation at 
Risk” in 1983. 
  To increase pupils’ achievements, Hirsch (2016) suggests a focus on knowledge 
to provide the same opportunities to achieve for each child. The importance of knowledge 
in education is addressed by others as well. For example, Young (2016) claims that 
both school knowledge and everyday knowledge are important, and that the teacher 
should support pupils to understand the knowledge that is part of the curriculum. 
Young describes curriculum knowledge as context independent, because it is linked 
to a subject instead of everyday experiences. Hirsch (2016) defines this knowledge as 
domain specific knowledge. Domain specific knowledge refers to knowledge about facts, 
principles, concepts and procedures (Boekaerts & Simons, 1995) in different domains, 
such as biology or mathematics. Boekaerts and Simons explain that: “Facts are data 
of the type ‘Paris is the capitol of France’. Concepts are categories of experiences with 
certain defining features. An example is the concept square. That are the quadrilaterals 
(category) that have four equal sides (defining features). Principles are combinations of 
concepts as ‘When the sides of a triangle are equal, the angles are 60 degrees.’ Procedures 
are sequences of operations, such as those that can be found in cookbooks” (Boekaerts 
& Simons, 1995, p. 65).
  In contrast to Hirsch’s focus on domain specific knowledge, the 21st century 
skills comprise general skills, such as creativity and problem solving, which can be used 
in different contexts. General skills were already addressed in education before the 21st 
century. At the end of the 19th century and beginning of the 20th century progressive 
education was developed. Schools based on pedagogical principles, such as Jenaplan and 
Dalton, focused on general skills, such as collaboration and responsibility for one’s own 
decisions. As described in the introduction chapter of this thesis, discovery learning and 
inquiry-based science education were developed in the second half of the 20th century. 
These pedagogies enabled pupils to use general skills, such as exploring and solving 
their own problems. Subsequently, in the final decade of the 20th century, different 
frameworks have been developed to determine the skills that are important for pupils 
in the 21st century. These frameworks take into account the changes in society, such 
as digitalisation and globalisation, and address, for example, the ability to learn and 
innovate, to use ICT, and to adapt to changes in life and career (Dede, 2009; Partnership 
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for 21st Century Learning, 2016).
  Teaching strategies focused on skills, such as collaboration and questioning, 
increase pupils’ achievement in science (Schroeder, Scott, Tolsen, Huang, & Lee, 2007). 
However, it is not clear to what extent these skills are general. For example, Bailin, 
Case, Coombs, and Daniels (1999) explained that the quality of critical thinking skills 
depends on knowledge about the topics that are evaluated or reflected on. Smith (2002) 
claimed that general and domain specific thinking skills can be differentiated, and that 
both are important to be taught to pupils. Furthermore, via a meta-analysis, Taconis, 
Ferguson-Hessler, and Broekkamp (2001) investigated effective pedagogies to teach 
problem solving in science education. They illustrated the importance of attention to 
pupils’ knowledge base in science education combined with using the knowledge when 
solving problems.
 In the United States, the Next Generation Science Standards (NGSS) are 
guidelines for science education that integrate knowledge and skills. In the NGSS, 
performance expectations include both pupils’ understanding of science and their skills, 
such as “Students who demonstrate understanding can analyse data obtained from 
testing different materials to determine which materials have the properties that are 
best suited for an intended purpose” (Next Generation Science Standards, 2013, p. 2). 
The standards focus on core ideas, crosscutting concepts that connect concepts from 
different disciplines, and science and engineering practices, such as the generation of 
scientific knowledge. This enables pupils to both develop their knowledge and their 
skills. 
  Similarly, in the Netherlands both knowledge and skills are addressed in 
education. Although each Dutch school develops its own curriculum, the content of the 
curriculum should meet the “core goals” described by the Ministry of Education, Culture, 
and Science (Ministerie van Onderwijs, Cultuur en Wetenschap [OCW], 2006). In the 
core goals for “science and technology” in primary education, both knowledge and skills 
are attended to. As described in the introduction chapter of this thesis, the following core 
goal focuses on pupils’ skills to conduct their own inquiries: “Pupils learn to investigate 
materials and scientific phenomena, such as light, sound, electricity, force, magnetism 
and temperature” (OCW, 2006, p. 53). A core goal focused on knowledge is, for 
example: “Pupils learn about the structure of plants, animals, and people, and about the 
shape and function of their parts” (OCW, 2006, p. 53). To adapt to developments, such 
as digitalisation and globalisation, the Platform Education2032 in the Netherlands was 
asked to provide a view on education in the 21st century. In their advice, they included 
both knowledge and skills when describing the domain “science and technology”. For 
example, both understanding and investigating scientific phenomena are mentioned. 
In addition, the Platform advised to implement an interdisciplinary approach in which 
knowledge of different domains can be applied, for example by investigating “What is 
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the impact of technologies on our existence?” (Platform Onderwijs2032, 2016, p. 41). 
  The current study acknowledges the importance of both focusing on knowledge 
and skills. I define knowledge as understanding facts, concepts, principles and procedures 
(Boekaerts & Simons, 1995), and differentiate these from skills to apply the knowledge. 
This differentiation between knowledge and skills resembles the study of Taconis et al. 
(2001) who distinguished a knowledge base and a skills base in pupils’ cognition to 
conduct a meta-analysis about science teaching strategies regarding problem solving. 
They explained the difference between the knowledge base and skills base as: “This 
distinction between knowledge base and skills base corresponds with the distinction 
between procedural knowledge (knowing how) and skill (the ability to perform)” 
(Taconis et al., 2001, p. 445). I used this distinction to differentiate between knowledge 
and skills in the current thesis. For example, by differentiating between understanding 
different criteria that a research question should meet, and the skill or ability to formulate 
a research question.
2.2 Open inquiry-based science education
The theme of this thesis is open inquiry-based science education (IBSE). In the 
introduction chapter of this thesis, I explained that open IBSE enables pupils to 
formulate research questions and design and conduct investigations to answer their own 
questions (Windschitl, 2003). In the following paragraphs, I will clarify the importance 
of IBSE and will explain how it is addressed in the current thesis, including the focus on 
both pupils’ knowledge and their skills. 
 IBSE is regarded as an important pedagogy to improve pupils’ understanding of 
scientific concepts (Minner, Levy, & Century, 2010) and the way scientific knowledge 
is generated (Khishfe & Abd-El-Khalick, 2002). Khishfe and Abd-El-Khalick included 
62 primary school pupils in their study and investigated pupils’ knowledge of the 
nature of science. They found that explicit inquiry-based instruction promoted a more 
informed view on the nature of science, whereas participating in inquiry activities 
without instruction or reflection did not show these improvements. This result is in 
line with the meta-analysis conducted by Schroeder et al. (2007), who found that 
teaching strategies, such as questioning, inquiry, and collaborative learning, contributed 
to pupils’ achievements. Although inquiry strategies promote pupils’ performance in 
science, Kirschner, Sweller and Clark (2006) questioned the effectiveness of inquiry-
based, problem-based and discovery learning when compared to instruction that 
involves a substantial amount of guidance by the teacher. According to Kirschner et al., 
the first mentioned types of instruction involve a high cognitive load for pupils since 
their working memory needs to process novel information during their discoveries or 
inquiries. Unfortunately, the working memory is not able to process a lot of information 
25
C
ha
pt
er
 2
Current discussions concerning IBSE
simultaneously. Only when the long-term memory contains similar information that 
was learned previously, the working memory can use the information from the long-
term memory to process new information easily. Since pupils discover or conduct 
their own investigations during discovery and inquiry-based learning, Kirschner et al. 
questioned the amount of novel information pupils are able to process when guiding 
their own learning.
  In a response to the paper of Kirschner et al., Hmelo-Silver, Duncan and Chinn 
(2007) claimed that the amount of guidance in problem-based and inquiry-based 
learning is not comparable to the amount of guidance in discovery learning, because 
the first two approaches contain a high amount of teacher scaffolding. Therefore, during 
these approaches, pupils are supported to design and conduct their inquiries or to solve 
their problems, which decreases the cognitive load on their working memory. Hmelo-
Silver et al. argued that the question should not be whether problem-based and inquiry-
based learning work, since these types of learning are proved to be effective when pupils 
are supported by their teachers (Alfieri, Brooks, Aldrich, & Tenenbaum, 2011). Instead 
the focus should be on how these approaches work and how teachers should support 
their pupils and scaffold their learning process. This view is in line with the current 
thesis in which the professionalisation of teachers to support their pupils during open 
IBSE is centralised.
  During open inquiry-based learning, teachers develop pupils’ understanding of 
the inquiry process. This process can be divided into different phases, such as exploring 
the topic of investigation, formulating a research question, etc. (e.g., Llewellyn, 2002; 
Suchman, 1963; Van Graft & Kemmers, 2007). In the current thesis, the inquiry 
cycle of Van Graft and Kemmers (2007) is used as it is based on several inquiry cycles 
(e.g., Llewellyn, 2002; Suchman, 1963), is increasingly used in the Netherlands, and 
contains descriptions of the content of each inquiry phase for primary education. The 
inquiry cycle of Van Graft and Kemmers is similar to the inquiry cycle of Pedaste et al. 
(2015), but consists of seven phases instead of five. In the introduction phase, pupils 
are introduced to the topic of the classroom inquiry project. During the exploration 
phase, they increase their understanding about this topic. Subsequently, they formulate 
a research question based on their own interest about the topic of the classroom project. 
Pupils design and conduct their own investigation and draw conclusions in order to 
answer their research question. After composing a presentation about their investigation, 
they present their research to the public, such as their classmates and/or parents. Finally, 
their knowledge of the inquiry process and the topic of investigation is broadened or 
deepened. For example, by discussing their investigations with real scientists. 
  Real scientific research does not follow inquiry phases step by step. For example, 
when designing an investigation, a researcher may determine that further exploration 
of the topic is necessary and that the formulated research question needs to be adjusted. 
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An inquiry cycle is a guideline for beginning researchers to design and conduct an 
investigation, and for more experienced scientists to write about their research (Van 
Graft & Kemmers, 2007). Therefore, in higher education, students are introduced to 
one or more versions of the inquiry cycle to guide their own investigations (e.g., Van 
der Donk & Van Lanen, 2009). Similarly, in the current thesis about primary inquiry-
based learning, I presented the inquiry cycle as a process divided into different phases. 
However, I did not inform pupils about the iterative way that these phases are used 
throughout an investigation, because I expected that pupils first needed to know the 
basic elements of scientific inquiry which they could follow step by step, before they 
could decide to switch between inquiry phases to improve their investigation during the 
inquiry process. 
 To positively influence pupils’ progress within and between each phase of 
inquiry, I focused on four domains of scientific knowledge: the conceptual, epistemic, 
social, and procedural domain. In the paragraphs on guiding inquiry-based learning, 
these domains will be elaborated. The four domains are based on a vision on scientific 
literacy (Durant, 1993), a synthesis of research about science learning, science education, 
and the nature of science (Duschl, 2008), and a meta-analysis about inquiry-based 
science teaching (Furtak, Seidel, Iverson, & Briggs, 2012). Durant (1993) described 
the concept of scientific literacy and distinguished three definitions: understanding 
science, understanding scientific procedures, and understanding scientific culture. The 
first definition refers to understanding science concepts to be scientific literate. Second, 
the definition of scientific procedures elaborates how scientific knowledge is generated. 
Finally, the scientific culture or “knowing how science really works” (Durant, 1993, p. 
134) addresses the social process, such as a critical review of the research by other scientists, 
that influences the generation of scientific knowledge. Duschl (2008) differentiated 
between similar domains in his study on science learning, science education, and the 
nature of science. These domains are: the conceptual, epistemic, and social domain of 
scientific knowledge. Furtak et al. (2012) used the domains of Duschl to conduct a meta-
analysis about teaching inquiry-based learning. They distinguished a fourth procedural 
domain to separate procedures, such as formulating a research question (procedural 
domain), and understanding how scientific knowledge is generated (epistemic domain). 
  In the studies of the current thesis, I included the four domains of scientific 
knowledge (conceptual, epistemic, social, and procedural) and combined them with 
skills (the ability to perform) (Taconis et al., 2001). Consequently, by focusing on 
domains of scientific knowledge, both the knowledge component and skills component 
are attended to during the inquiry-based lessons that are part of the current thesis. The 
empirical studies described in the subsequent chapters of this thesis take both sides 
of the debate on knowledge versus skills into account by strengthening the domains 
of scientific knowledge and promoting their application to design and conduct an 
investigation. 
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2.3 Guiding inquiry-based learning
In the previous paragraphs, I argued that both pupils’ knowledge and skills can be 
developed during their inquiry process. In the following paragraphs, I will address 
inquiry-based science instruction that facilitates pupils’ investigations.
 Inquiry-based science instruction can be divided into different components: 
“1) the presence of science content, 2) student engagement with science content, and 
3) student responsibility for learning, student active thinking, or student motivation 
within at least one component of instruction – question, design, data, conclusion, or 
communication” (Minner et al., 2010, p. 478). Minner et al. established these components 
after analysing literature on science education combined with expert opinions about 
important elements of inquiry-based science instruction. They developed a framework 
that included these different components to conduct a research synthesis about inquiry-
based science instruction. In their review study, they analysed 138 empirical studies to 
investigate the effect of inquiry-based science teaching on pupils’ achievements in primary 
and secondary education. They concluded that inquiry-based science instruction, and 
especially active learning strategies, contributed to pupils’ conceptual knowledge. In the 
current thesis, I will use the different components of inquiry-based science instruction 
of Minner et al. to illustrate the focus of teacher guidance during inquiry-based learning 
that I used as a base for my research studies.
The Presence of Science Content and Student Engagement with Science Content
According to Minner et al. (2010), science content includes “physical science, life 
science, earth/space science, and scientific inquiry as content” (Minner et al., 2010, p. 
478), and student engagement with science content refers to “all of the various ways in 
which students could engage with phenomena” (Minner et al., 2010, p. 478), such as 
“students manipulating materials” (Minner et al., 2010, p. 479). When applying these 
components of inquiry-based science instruction to the current thesis, the presence of 
science content refers to developing pupils’ scientific knowledge, and engagement with 
science refers to improving their skills to design and conduct their own inquiries. 
  In this thesis, teacher instruction to develop pupils’ knowledge and skills focuses 
on four domains of scientific knowledge mentioned in a previous section of the current 
chapter: the conceptual, epistemic, social, and procedural domain. The conceptual 
domain refers to the body of knowledge of scientific facts, principles and concepts, such 
as force or temperature. A skill connected to the conceptual domain is, for example, being 
able to relate other concepts to the central concept of the investigation. The epistemic 
domain addresses the nature of science and how scientific knowledge is generated, such 
as knowing that there is a difference between observations and inferences. A related 
skill is, for example, differentiating between these components when processing data. 
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Knowledge about collaboration and communication during and about inquiries is part 
of the social domain. Skills that are connected to this domain are, for example, being 
able to collaborate with peers that are involved in the research, and communicating the 
investigation to others. Finally, the procedural domain refers to knowing, for example, 
important criteria to take into account when formulating a research question and 
knowing that in order to draw a conclusion, the research question should be answered. 
The related skills are formulating a research question and drawing a conclusion. 
  In the current thesis, inquiry-based science instruction promotes understanding 
of the domains of scientific knowledge and stimulates pupils to apply their knowledge 
and design and conduct their own investigations. In chapter 3, I present a pedagogical 
framework based on the domains of scientific knowledge that teachers can use to support 
their pupils during the inquiry process. 
Motivation
Motivation can be divided into different elements, such as curiosity, attitude, involvement, 
concentration etc. (Minner et al., 2010). In the current paragraphs, I will first explain 
the concept of motivation in relation to inquiry-based learning. Subsequently, I will 
focus on the importance of addressing pupils’ curiosity and attitude, and will clarify that 
both are attended to during inquiry-based science instruction and learning. 
  Pupils who are intrinsically motivated, invest more time and effort to understand 
a topic or accomplish a task, which has a positive influence on their achievements 
(Boekaerts & Simons, 1995; Deci & Ryan, 2000). Intrinsic motivation refers to a person’s 
own interest, enthusiasm, and will to understand or accomplish an activity (Boekaerts & 
Simons, 1995) and depends on three psychological needs: competence, relatedness, and 
autonomy (Deci & Ryan, 2000). In inquiry-based learning, pupils have autonomy when 
they design and conduct their own investigations. They collaborate and communicate 
about their research which contributes to their need to relate with others (relatedness). 
Finally, designing and conducting their own investigation aims to contribute to pupils’ 
experience of competence. Consequently, a learning environment in which pupils can 
collaborate to design and conduct their own investigations contributes to their intrinsic 
motivation which positively affects their achievements. 
  Curiosity is an important element of motivation, because curious pupils have 
an “urge to know more” (Engel, 2011, p. 627) and explore to understand or increase 
their knowledge (Loewenstein, 1994). In addition, curiosity and an exploratory drive 
have a positive influence on involvement and well-being (Laevers, 2000). Although 
curiosity contributes to learning and understanding, it is not often addressed in schools 
(Engel, 2011). Engel explained that in a previous study in 2009, she found that both in 
kindergarten and fifth grade only a few examples of curiosity, such as asking questions 
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to know more, were visible during classroom visits. Teachers acknowledged the 
importance of exciting curiosity in primary education. However, they failed to mention 
curiosity when asked to name the five most important competences to stimulate in 
their pupils (Engel, 2011). It is not evident how teachers can be supported to promote 
curiosity. In addition, although it is not clear how curiosity is developed and excited 
in primary schools, Engel (2011) suggested promising teaching strategies to promote 
curious behaviour of pupils based on her previous studies. These teaching strategies are: 
encouragement, facilitating explorations, and modelling curious behaviour. As teachers 
facilitate explorations during open inquiry-based learning, pupils’ curiosity is addressed 
by enabling pupils to investigate and answer their own research questions.
 In addition to curiosity, a positive attitude towards science is important, because 
pupils appear to lose interest in school science starting from the upper grades in primary 
school (Murphy and Beggs, 2003). Murphy and Beggs suggested that the decrease 
in attitude towards science is connected to a decrease in classroom experimenting, 
repetition, and content that does not interest pupils. However, the TIMSS science study 
provided another image in which pupils from grades 4 and 8 valued the way science 
was taught in their schools, although the grade 8 pupils lacked confidence in science 
(Martin, Mullis, Foy, & Hooper, 2016).
  Attitude towards science can be positively influenced during IBSE (Gibson & 
Chase, 2002). Gibson and Chase found that after a science camp focused on inquiry-based 
learning for middle-school pupils, the experimental group remained more interested in 
science than the control group who applied to, but did not attend the science camp. The 
pupils in the study of Gibson and Chase explained they liked doing hands-on activities, 
they appreciated the chosen subjects that had a link with their own lives, and they 
were interested in studying subjects in-depth to gain a better understanding. Another 
important factor to increase pupils’ attitude towards science is enabling them to find 
out how things work, instead of an explanation provided by their teacher (Jalil, Abu 
Sbeih, Boujettif, & Barakat, 2009). This finding is in line with the study of Murphy and 
Beggs (2003) in which primary school pupils were asked what they enjoyed most about 
science. The pupils described that they enjoyed doing experiments, because it enabled 
them to find out how things work by themselves. In addition, the study of Braund and 
Driver (2005) showed that pupils enjoyed and valued practical work in their science 
lessons. Based on the previously described findings in literature about attitude towards 
science, I conclude that IBSE has the potential to promote pupils’ preferred way of 
learning. 
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Active Thinking 
Active thinking refers to “how students engage with the content itself ” (Minner et al., 
2010, p. 478). Active thinking by using prior knowledge to construct new knowledge is 
centralised in the learning theory of constructivism (Ertmer & Newby, 1993). According 
to this theory, people learn from experience and “create meaning” (Ertmer & Newby, 
1993, p. 55) by interpreting and reflecting on their experiences. Constructivism is in 
line with IBSE, as pupils formulate their own research question during inquiry-based 
learning and are activated to construct new knowledge when conducting investigations 
and drawing conclusions to answer the research question.  
  In science education, active thinking can be promoted by differentiating 
between “the domain of objects and observables, and the domain of ideas” (Abrahams & 
Millar, 2008, p. 1948). Abrahams and Millar explained that in addition to observations 
and engagement with objects and materials, active thinking about these experiences is 
important to improve pupils’ scientific understanding. Inquiry-based science instruction 
should enable pupils to experience scientific concepts hands-on, such as discovering the 
strength of different materials by testing them, combined with reflections about these 
experiences (e.g., Abrahams & Millar, 2008; Van den Berg, 2010).  
 In the current thesis, pupils’ active thinking is promoted by addressing domains 
of scientific knowledge (conceptual, epistemic, social, and procedural) during the inquiry 
process. In chapter 3, a pedagogical framework is presented based on these domains 
combined with different phases of the inquiry process. Teachers can use the pedagogical 
framework to address specific domains of scientific knowledge in each phase of inquiry 
to promote active thinking. For example, by discussing the meaning of different criteria 
to formulate a good research question in the design phase of inquiry, and enabling 
pupils to apply the criteria when formulating their own research question. 
Responsibility for Learning
During open IBSE, pupils’ responsibility for learning can be addressed by having them 
formulate their own research question, design and conduct their own investigation, and 
draw a conclusion in order to answer their research question. Both pupils’ direction of 
the inquiry process and a combination of teacher and pupil direction showed promising 
results on pupils’ achievements (Dobber, Zwart, Tanis, & Van Oers, 2017). In addition, 
Lazonder and Harmsen (2016) explained that pupils’ knowledge of inquiry processes, 
their performance success, and their learning outcomes are higher in guided versus 
unguided inquiry-based learning. These studies imply that teachers should support 
their pupils’ inquiries and stimulate their responsibility for learning, although it remains 
unclear how teachers can guide the inquiry process while promoting pupils’ self-directed 
learning.
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 Teacher guidance can include any assistance by teachers to facilitate the inquiry 
process and pupils’ understanding (Lazonder & Harmsen, 2016). It can be divided 
into interpretative, experimental, and reflective guidance (Reid, Zhang, & Chen, 
2003). Interpretative guidance refers to facilitating pupils’ conceptual understanding. 
Experimental support focuses on the progression through the inquiry process. Finally, 
the teacher should facilitate reflection on the inquiry process and pupils’ scientific 
understanding. These types of guidance are in line with the focus of guidance in the 
current study on the conceptual, procedural, epistemic, and social domains of scientific 
knowledge (Durant, 1993; Duschl, 2008; Furtak et al., 2012). Another differentiation 
between types of teacher guidance is: process constraints, status overviews, prompts, 
heuristics, scaffolds, and explanations (Lazonder & Harmsen, 2016). More specific 
guidance, such as scaffolding, was suggested to benefit teenagers’ learning activities. 
Lazonder and Harmsen explained that the number of articles for each type of guidance 
focused on science and primary school pupils in their study was rather low, and that 
further investigation is required about whether certain types of guidance are preferable 
during IBSE for primary school pupils. 
  As open inquiry contributes to learning outcomes and enthusiasm for the inquiry 
process (Berg, Bergendahl, & Lundberg, 2003) and teacher guidance is important, but 
needs to be investigated further (Lazonder & Harmsen, 2016), I investigated teacher 
guidance during open inquiry-based learning in the current thesis. I addressed guidance 
by means of scaffolding as it is an important way of facilitating inquiry-based learning 
(Hmelo-Silver et al., 2007). Scaffolds are descriptions or visualisations about how to 
perform an activity which are gradually faded when pupils are able to do the activity 
without the support of the scaffolds (Lazonder & Harmsen, 2016). Since it is not 
clear how pupils can direct their own investigations during open inquiry while being 
scaffolded, I conducted the study that is described in chapter 4. 
2.4 Professionalising teachers in guiding inquiry-based learning
As described in the introduction chapter of this thesis, teachers have difficulties guiding 
inquiry-based learning. They have been reported to lack confidence in their own content 
knowledge and their ability to support pupils’ inquiries (Yoon, Joung, & Kim, 2012; 
Zion, Cohen, & Amir, 2007). To improve teachers’ knowledge and attitude, I developed 
a TPD programme about inquiry-based learning (see chapter 5). When designing a TPD 
programme, core features should be included, such as coherence and active learning 
(Desimone, 2009). Desimone developed a conceptual framework to measure effects 
of TPD based on literature that investigated and found links between the components 
of: TPD core features; teacher knowledge, skills, and attitude; teacher instruction; and 
pupils’ achievements. She proposed a sequence in the elements of the framework: TPD 
improves teachers’ knowledge and attitude, which influence their classroom instructions. 
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These changes in instruction positively affect pupils’ achievements. 
  In the current thesis, I use the model of professional growth of Clarke and 
Hollingsworth (2002), as it contains the same components as the model of Desimone, 
but illustrates simultaneous changes in teachers’ knowledge and attitude, their 
instruction in classroom practice, and their pupils’ achievements. The model of Clarke 
and Hollingsworth is founded on three studies on teacher change of mathematics 
teachers, TPD about mathematics for primary school teachers, and interpretation 
of videos of science and mathematics lessons by high school teachers. Clarke and 
Hollingsworth were able to use their developed model to describe the professional 
growth of the teachers in these three studies. The model illustrates that there are 
four important components to promote professional growth: external information; 
knowledge, believes and attitudes; experimentation in teachers’ own classroom; and 
salient outcomes. The external information refers to, for example, literature, a video or 
a website about the topic of professionalisation or guidelines to implement a theory in 
classroom practice. Teachers’ knowledge, believes and attitudes are part of their personal 
domain. Professional experimentation refers to implementing an innovation in teachers’ 
own classrooms. Finally, effects of these changes on pupils’ behaviour or achievements 
can be observed as salient outcomes. Via the processes of enactment and reflection, the 
different components of the model of professional growth are linked to each other. 
  In the current thesis, it is investigated how the professional growth of teachers 
with regards to inquiry-based learning can be promoted. To develop a TPD programme 
on inquiry-based learning, I adapted the model for teacher professionalisation of Clarke 
and Hollingsworth (2002). Hereafter, I will explain the different components of this 
model and how I used these in the TPD programme (see Figure 2.1).
 The change environment in Figure 2.1 refers to the environment in which the 
teacher works and lives. In this environment, people might have different opinions about 
inquiry-based learning. For example, colleagues of the teacher can be hesitant towards 
inquiry-based learning. The change environment is different for each participating 
teacher in the studies of the current thesis. In chapter 5, a TPD programme is described 
in which the change environment is discussed with participants, such as the importance 
of involving colleagues in the innovation.
  The pedagogical framework presented in chapter 3 and the scaffolds described in 
chapter 4, provide the basis for the TPD programme and represent the external domain 
of Figure 2.1. The TPD programme includes teachers’ own content knowledge and 
skills regarding the conceptual, procedural, epistemic, and social domain of scientific 
knowledge, their pedagogical content knowledge about teaching strategies that can 
be implemented during inquiry-based learning, and their attitude towards inquiry-
based learning. By providing hands-on exercises combined with minds-on reflections 
(Van den Berg, 2010), teachers are stimulated to reflect on the contribution of the 
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Figure 2.1: 
Four domains of teacher professionalisation in inquiry-based learning, based on the interconnected model 
of professional growth of Clarke and Hollingsworth (2002).
external domain to changes in their knowledge, skills, and attitude. As their knowledge, 
skills, and attitude in the personal domain of Figure 2.1 are changing during the TPD 
programme, teachers interact differently with the pedagogical framework and scaffolds 
in the external domain.  
  The external domain in the current thesis focuses on influencing teachers’ 
knowledge, skills, and attitude to facilitate the implementation of an inquiry-based 
lesson module in their own classrooms. After each lesson that teachers guide in their own 
classroom, they reflect on the implementation of the lesson module which influences 
their knowledge and attitude about guiding inquiry-based learning. In addition, they 
reflect on how the changes in their classroom practice influence pupils’ behaviour and 
achievement. They use the observations in the domain of consequence to adapt to their 
pupils’ learning process and make changes in their implementation of the lesson module. 
In addition, the reflections on pupils’ learning process influence teachers’ knowledge 
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and attitude, for example when teachers appreciate pupils’ enthusiasm about their 
own investigations or when they acknowledge the importance of pupils’ collaboration 
during inquiry-based learning. Finally, reflections on changes in teachers’ knowledge 
and attitude influence how they observe pupils’ learning process. For example, when 
they decide to include pupils’ collaboration skills when observing pupils’ achievements 
during inquiry-based learning. In chapter 5, the development of the TPD programme is 
further elaborated and the effects of the programme are described.
  In the following chapters 3, 4, and 5, I will elaborate the three empirical studies 
of this thesis that I conducted in collaboration with Roald Verhoeff and Marieke Peeters.
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Abstract 
Inquiry-based science education (IBSE) has been promoted as an inspiring way of 
learning science by engaging pupils in designing and conducting their own scientific 
investigations. For primary school teachers, the open nature of IBSE poses challenges 
as they often lack experience in supporting their pupils during the different phases 
of an open IBSE project, such as formulating a research question and designing and 
conducting an investigation. The current study aims to meet these challenges by 
presenting a pedagogical framework in which four domains of scientific knowledge 
are addressed in seven phases of inquiry. The framework is based on video analyses 
of pedagogical interventions by primary school teachers participating in open IBSE 
projects. Our results show that teachers can guide their pupils successfully through 
the process of open inquiry by explicitly addressing the conceptual, epistemic, social 
and/or procedural domain of scientific knowledge in the subsequent phases of inquiry. 
This chapter concludes by suggesting further research to validate our framework and 
to develop a pedagogy for primary school teachers to guide their pupils through the 
different phases of open inquiry.
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3.1 Introduction 
Inquiry-based science education (IBSE) is regarded as an inspiring way of learning science 
as it focuses on pupils’ own interests and stimulates active learning by enabling pupils 
to conduct their own investigations (Braund & Driver, 2005; Murphy & Beggs, 2003; 
Rocard et al., 2007). Since addressing pupils’ motivation and own interests positively 
influences their achievements (Tella, 2007), IBSE is viewed as an effective approach for 
learning scientific concepts and understanding the nature of science (NOS) in which 
the process of inquiry is key.
  The pedagogy of IBSE allows pupils to develop their conceptual understanding 
of scientific phenomena (Minner, Levy, & Century, 2010; Schroeder, Scott, Tolson, 
Huang, & Lee, 2007) and their inquiry skills, such as formulating a research question 
(Zion, Cohen, & Amir, 2007). Moreover, pupils learn about the way scientific knowledge 
is constructed (Khishfe & Abd-El-Khalick, 2002) and develop an image of the social 
practice of scientists (Mercer, Dawes, Wegerif, & Sams, 2004). IBSE has been suggested 
to positively affect learning outcomes of students by means of enabling open inquiries 
(Berg, Bergendahl, Lundberg, & Tibell, 2003; Liang & Richardson, 2009). In open 
IBSE, teachers encourage pupils to conduct a self-designed, interest-guided inquiry in 
order to answer their own research question. During this process, the important role 
of the teachers is directed towards facilitating, supporting and supervising their pupils 
(Zion et al., 2007). 
 Unfortunately, implementing IBSE in primary school classrooms is not self-
evident. Zion et al. (2007) indicated that teachers experience difficulties in guiding 
pupils through the process of inquiry, for example, regarding the formulation of a 
research question (Peeters & Meijer, 2014) and the design of an investigation (Yoon, 
Joung, & Kim, 2012). To cope with feelings of insecurity about science education, 
teachers rely on methods and materials whereby pupils primarily follow instructions 
(Harlen & Holroyd, 1997). This implies a top-down approach in which teachers 
provide the research question and design of the investigation, and contradicts a bottom-
up open inquiry process in which pupils design and conduct their own investigations 
(Windschitl, 2003).
  To aid teachers in facilitating open inquiries of pupils, this chapter focuses on 
the following central question: How can primary school teachers support their pupils 
during open IBSE? Based on a literature study, we first elaborate four domains of 
scientific knowledge which are important to be addressed during open IBSE (Duschl, 
2008; Furtak, Seidel, Iverson, & Briggs, 2012). Subsequently, we describe seven phases 
that together comprise an inquiry cycle, for example, designing and conducting an 
investigation, based on Van Graft and Kemmers (2007). With our study, we aim to 
translate this conceptual framework of domains of scientific knowledge and phases of 
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inquiry into a pedagogical approach to be used within classroom practice. Our hypothesis 
is that addressing specific domains of scientific knowledge in each phase of inquiry 
supports pupils’ ability to design and conduct their investigations, and to continue 
with the subsequent inquiry phase. We investigated which combinations of domains 
of scientific knowledge and subsequent inquiry phases were successful in guiding pupils 
during the process of open inquiry. The resulting “pedagogical framework” presented 
in this chapter reflects successful teacher interventions observed in seven IBSE projects 
in classroom practice and can be considered as an example of how open inquiry can 
contribute to learning in particular scientific knowledge domains and vice versa.
3.2 Theoretical framework
  
Based on a synthesis of research within the fields of learning sciences, science studies 
and science education, Duschl (2008) differentiated between three domains of scientific 
knowledge reflecting different levels of scientific literacy (Durant, 1993): “The conceptual 
structures and cognitive processes used when reasoning scientifically, the epistemic 
frameworks used when developing and evaluating scientific knowledge, and the social 
processes and contexts that shape how knowledge is communicated, represented, argued, 
and debated.” (Duschl, 2008, p. 277). In a review study of inquiry-based teaching, 
Furtak et al. (2012) added a fourth procedural domain comprising procedures, such as 
formulating a research question. The four domains are elaborated below and linked to 
different phases of inquiry (Van Graft & Kemmers, 2007).
The Conceptual Domain
The conceptual domain (Duschl, 2008; Furtak et al., 2012) of science consists of a 
“body of knowledge that represents current understanding of natural systems” (National 
Research Council, 2007, p. 26), such as the phenomenon of light (Mumba, Mbewe, 
& Chabalengula, 2015). Research and practical experience suggest that pupils need 
conceptual knowledge regarding the topic of investigation in order to perform inquiry 
procedures, such as formulating research questions (Peeters, Meijer, & Verhoeff, 2014; 
Zion et al., 2007). 
The Epistemic Domain
The epistemic domain refers to NOS and the way scientific knowledge is generated 
(Duschl, 2008; Furtak et al., 2012). NOS indicates a persons’ beliefs about what 
scientific knowledge is, for example, whether it is tentative or not and based on creativity 
(Lederman, 1992). In addition, the way scientific knowledge is generated, refers to the 
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combination of scientific processes, such as observing and measuring, with “scientific 
knowledge, scientific reasoning and critical thinking to develop scientific knowledge” 
(Campanile, Lederman, & Kampourakis, 2015, p. 207). In the current study we 
consider scientific processes as part of the procedural domain, and reflection on what 
scientific knowledge is and how it is generated as part of the epistemic domain. 
  Khisfe and Abd-El-Khalick (2002) compared the National Science Education 
Standards with Benchmarks for Science Literacy and found corresponding NOS aspects 
for primary school pupils; that is, understanding that scientific knowledge is tentative, 
includes creativity, is based on empiric findings, and differentiates between observation 
and inference. Furthermore, according to Furtak et al. (2012) and Sandoval (2005), it is 
important for pupils to connect their own investigations to the way real scientists work 
and generate knowledge.
The Social Domain
The social domain of science (Duschl, 2008; Furtak et al., 2012) refers to important 
scientific dispositions of researchers, such as critically reviewing their own work and that 
of others, and to share findings (Van der Rijst, 2009). Although researchers compete with 
each other for grants and funding, and develop alternative and sometimes contrasting 
theories, they often work together in research projects and elaborate on each other’s 
theories and results, published in peer reviewed journals.
  In primary schools, research collaboration and communication can be addressed 
by assigning different roles and responsibilities to pupils during group work and by 
focusing on collective activity and shared meaning (Tolmie et al., 2010). In collaborative 
inquiry, exploratory talk is important to improve pupils’ scientific reasoning and their 
formulation of constructive feedback. In exploratory talk, “everyone is asked to make 
their reasons clear” and “challenges and alternatives are made explicit and are negotiated” 
(Mercer et al., 2004, p. 362). Furthermore, when communicating their findings to 
others, pupils need to know how to clearly explain their actions and decisions regarding 
their investigation to an audience (Peeters et al., 2014). 
The Procedural Domain
Following Furtak et al. (2012), we distinguished a fourth procedural domain to address 
inquiry procedures, such as formulating research questions and drawing conclusions to 
answer the research questions. The added value of the procedural domain is attention 
to these procedures within the phases of inquiry. Procedures can be executed without 
reflection on the generation of scientific knowledge. The latter is addressed in a separate 
epistemic domain. By distinguishing these domains, both procedural and epistemic 
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knowledge are attended to. Boekaerts and Simons (1995) described procedural 
knowledge as knowing how to use knowledge, while others have described it as “knowing 
how to proceed” (Glaesser, Gott, Roberts & Cooper, 2009, p. 597). Both perspectives 
are included in our conception of procedural knowledge.
  In primary education, pupils need support by their teacher to conduct inquiry 
procedures. They, for example, find it difficult to formulate a research question and to 
draw conclusions based on their own research data (Peeters et al., 2014; Zion et al., 
2007).
Phases of Inquiry 
The four domains reflect the scientific knowledge to be addressed during inquiry projects 
(Duschl, 2008; Furtak et al., 2012). Our pedagogical framework aims to guide teachers 
in addressing the different domains during the subsequent phases of an inquiry process. 
In the Netherlands, the IBSE phases of Van Graft and Kemmers (2007) are increasingly 
used by curriculum developers and teachers, and will be addressed in the current research 
study. This inquiry cycle resembles the synthesis of phases of inquiry of Pedaste et al. 
(2015), but comprises seven instead of five phases: introduction, exploration, designing 
an investigation, conducting the investigation, conclusion, presentation/communication 
and deepening/broadening. 
3.3 Method
In this study, we explored whether and how teachers addressed four domains of scientific 
knowledge in each IBSE phase to successfully support their pupils’ investigations. Our 
assumption, based on experiences with open IBSE projects, was that supporting pupils 
in an open inquiry process requires specific focus on different domains of scientific 
knowledge during the subsequent phases of inquiry. To develop a pedagogical approach 
that addresses the four domains in the process of open inquiry, we observed in-class 
teaching strategies. We used our theoretically based framework of phases and domains 
to analyse video clips of open IBSE projects in primary schools. By analysing these video 
clips, we intended to clarify for each IBSE phase which domains of scientific knowledge 
were addressed by the teacher during open IBSE and what the effect was of these teacher 
interventions.
Case Selection and Research Subjects 
In the Netherlands, there are 12 regional expertise centres that focus on promoting and 
implementing IBSE in primary education. We selected one of these so-called Science 
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Education Hubs: Science Education Hub Radboud University (WKRU), because it has 
numerous experiences with open IBSE. WKRU has been the first Science Education 
Hub in the Netherlands under the auspices of the National Platform Science and 
Technology since 2009, and the Royal Netherlands Academy of Arts and Sciences since 
2012. Within WKRU several educational open IBSE projects have been developed 
for primary school pupils of 10 - 12 years old. These projects have been developed 
according a design approach by translating research of Radboud University into open 
IBSE activities in assembled project teams of scientists, teacher trainers and in-service 
and pre-service primary school teachers. The in-service and pre-service teachers were 
selected based on their interest in learning about IBSE and developing lesson materials 
for primary schools. The in-service teachers were enabled to participate in a project team 
by their primary school and the pre-service teachers by their teacher education college. 
  Six meetings were organised during the school year in which the project team 
collaborated. In the first three meetings, the team members discussed how the research 
topic of the scientists in their project team could be elaborated and addressed in primary 
education. Together, they developed three activities for pupils and organised a workshop 
for primary school teachers to experience these activities during the professionalisation 
day “Winterschool” of WKRU. After the Winterschool, the project team collaborated 
in a fourth meeting to develop an open IBSE lesson module. They included the three 
activities of the Winterschool in the design of the project. To facilitate the development 
of the lesson module, an additional meeting was organised about the different phases 
of inquiry-based learning from introduction and exploration to conducting the 
investigation, drawing conclusions, and presenting the research. The developed IBSE 
project was tested and adjusted in classroom practice. The implementation of the IBSE 
project was evaluated in a final meeting. The participating teachers acquired content 
knowledge regarding relevant concepts, the generation of scientific knowledge and 
important inquiry procedures by means of discussions with researchers and WKRU 
members in their project team. Furthermore, they acquired pedagogical knowledge 
regarding IBSE. They did not have any prior experience with IBSE.
  Seven of the developed IBSE projects, guided in different primary schools, were 
included in the current study. In the projects on Anxiety and Dangerous opinions, 
a male in-service and pre-service teacher guided the lessons together. The project on 
Behaviour was guided by a male in-service teacher and assisted by a male pre-service 
teacher when pupils worked in groups. In-service female teachers guided the projects on 
Addiction and DNA and heredity, assisted by female pre-service teachers when pupils 
worked in groups. The project on Graphene was guided by a female pre-service teacher 
and assisted by a male in-service teacher when pupils worked in groups. Finally, a male 
pre-service teacher guided the project on Perception, action, and movement. He was 
assisted by a female in-service teacher when pupils worked in groups. 
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  The amount of lessons for each project were: Graphene (6 lessons), Anxiety (5 
lessons), DNA and heredity (7 lessons), Behaviour (8 lessons), Perception, action, and 
movement (6 lessons), Dangerous opinions (9 lessons), and Addiction (7 lessons). Natural 
scientists were involved in five of the projects: DNA and heredity; Perception, action 
and movement; Graphene; Anxiety; and Behaviour. Social scientists and philosophers 
participated in two projects: Addiction and Dangerous opinions. In Appendix A, these 
projects are elaborated.
Data Collection
The data consist of video fragments in which pupils move along seven phases of inquiry 
and are guided by their teacher on specific domains of scientific knowledge. The goal of 
the data collection was to capture the process of open inquiry-based learning. 
  Video recordings of each project consisted of approximately eight hours of film 
showing teacher interventions and pupils’ responses. A fixed camera position was used 
to capture whole classroom activities in which the teacher and most of the pupils were 
filmed. During group work, the cameraman walked around and filmed the guidance of 
the teacher. Furthermore, he filmed groups of pupils without the presence of the teacher 
when he suspected that something interesting was happening regarding the inquiry 
process of the pupils. In addition, during group work an exploring observer asked pupils 
to describe, explain and reflect on the design and conduction of their investigations. The 
observer was a WKRU employee. She observed the process of inquiry-based learning. 
To explore pupils’ difficulties within the inquiry process and their ability to proceed 
with their investigations, she asked pupils to describe their actions while working on 
their investigations, and to clarify why they chose their specific approach to design and 
conduct their investigations.  
  Based on our study of relevant literature, there are four domains of scientific 
knowledge to be addressed during inquiry-based learning. We used the videos to 
determine which domains were addressed in each phase of inquiry to enable pupils 
to proceed with or improve their investigations, and to continue with the subsequent 
inquiry phase.
Qualitative Analysis
In analysing the video fragments we, first, labelled the different IBSE phases. Within each 
labelled phase, we selected fragments of pupils’ comments and/or teacher’s comments 
regarding one of the four domains of scientific knowledge. Each conversation about 
a topic or problem linked to a domain of scientific knowledge was considered a unit 
of analysis. Subsequently, we analysed pupils’ competence and difficulty within each 
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inquiry phase, the (lack of ) interventions by the teacher, and the consequences of the 
(lack of ) interventions. We, first, looked at the immediate consequences within each 
fragment. Second, we analysed the transcription of the remainder of the inquiry phase, 
including the selected fragment. Finally, we analysed the subsequent inquiry phases to 
find additional consequences. We defined the (lack of ) success as pupils’ competence 
(difficulty) to design and conduct their investigations. An example of a successful 
pedagogical intervention regarding the social domain is a comment by the teacher 
to improve a presentation and subsequently, seeing the improvement in the pupils’ 
presentation. An example of an unsuccessful pedagogical intervention in the procedural 
domain is an intervention to improve the formulation of a research question, after which 
pupils do not take into account the teacher’s comments and remain confused about their 
next action. After analysing each project, the results of the different WKRU projects 
were compared to find any patterns regarding (un)successful pedagogical interventions.
3.4 Results
Table 3.1 presents a quantitative overview of the domains of scientific knowledge 
addressed by teachers and pupils during the subsequent phases of inquiry in all seven 
projects. Each reference in Table 3.1 refers to a unit of analysis in which a problem or 
topic is discussed by the teacher and/or the pupils that can be linked to a domain of 
scientific knowledge. N is the number of references to these units of analysis in each 
phase of inquiry. We used this quantitative overview as a point of reference for the 
qualitative data analyses. 
Table 3.1: Relative amount of references made to domains of scientific knowledge during 
each phase of inquiry by teachers and pupils in all seven projects (see Appendix A).
Phase Domain
N Conceptual Epistemic Social Procedural
Introduction 12 25.0 58.3 16.7 0
Exploration 195 73.3 12.8 2.6 11.3
Designing an investigation 358 13.4 20.4 16.8 49.4
Conducting the investigation 58 1.7 8.6 5.2 84.5
Conclusion 42 19.0 26.2 2.4 52.4
Presentation/communication 101 6.9 7.9 66.3 18.8
Deepening/broadening 36 33.3 44.4 11.1 11.1
In the introduction phase, the teachers focused on the epistemic domain and discussed 
the connection between the classroom project and authentic scientific investigations 
with their pupils. In the exploration phase, the teachers elaborated on the conceptual 
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domain by means of videos, discussions and hands-on science activities. When pupils 
designed their investigations, teachers mostly addressed the procedural domain and 
also the social and epistemic domain to prepare pupils for the actual investigations. In 
this phase, pupils formulated a research question and discussed within their research 
groups how to design a valid and reliable investigation. While conducting the actual 
investigations, the teachers explained procedures, such as taking correct measurements, 
when pupils made mistakes or were inaccurate in using these procedures. In the 
conclusion phase, teachers focused on the procedural domain to explain the procedure 
that supports drawing a conclusion. Furthermore, they addressed the epistemic domain 
by differentiating between observations and inferences. The conceptual domain was only 
referred to by pupils during their group work without interference by their teachers. 
In the presentation/communication phase, the teachers mainly focused on the social 
domain to improve pupils’ research presentations. Finally, in the deepening/broadening 
phase, the goal was to deepen and broaden pupils’ knowledge about the topic of their 
project and to discuss the design of valid and reliable investigations with actual scientists. 
The researchers showed their labs and research materials, and provided information 
about their research topic. The pupils presented their research and were asked questions 
about their investigations by the scientists.  
  Based on the quantitative overview in Table 3.1, we analysed the data qualitatively. 
The following paragraphs describe how the teachers guided their pupils through the 
different phases of inquiry. The paragraphs include quotes that are representative for the 
entire dataset, because they show the focus on specific domains of scientific knowledge 
in each inquiry phase. The quotes illustrate the teachers’ guidance and/or the pupils’ 
need of support or their competence regarding specific domains in each inquiry phase. 
Phase 1: Introduction
The goal of the introduction phase is to confront pupils with a problem or phenomenon 
connected to an authentic research practice to excite pupils’ curiosity and increase their 
epistemic understanding about open inquiry. As the following quote illustrates, within 
the context of WKRU the teachers referred to research conducted at Radboud University.
 Teacher:   Certain scientific investigations, in other words a research which a 
scientist conducts, almost never ends up at primary schools. (. . . .) 
Together with the Science Education Hub we are going to try to  
implement scientific research in primary school projects. Because we  
think that you can learn a lot by doing this.
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By referring to an authentic research practice, pupils gained interest to work on a 
real problem as scientists do (epistemic domain). Although in the current phase most 
teachers did not provide a detailed description of real scientific practices, they were able 
to refer to these practices in subsequent inquiry phases. 
Phase 2: Exploration
The objective of the exploration phase is to connect the phenomenon under investigation 
to pupils’ prior knowledge. The inquiry is directed towards formulating questions that 
guide further investigation. The teachers of the WKRU projects accomplished this by 
asking questions that evoke a response and asking clarifying and explanatory questions 
to retrieve prior knowledge regarding the project theme. The teachers addressed 
conceptual understanding by connecting concepts to relevant everyday contexts and 
combining hands-on science activities with minds-on reflections about these activities. 
For example, in the Graphene project (see Appendix A), the teacher showed a video 
to introduce different characteristics of graphene and asked her pupils to construct 
a collective concept map regarding these characteristics. Since graphene is a crystal, 
she showed a second video about characteristics of crystals. Furthermore, the teacher 
compared the structure of graphene to chicken wire. Subsequently, she asked her pupils 
to construct a 3D visualisation of graphene with cocktail picks and wine gums. The 
structure of graphene was discussed, based on pupils’ own 3D models connected to their 
knowledge of the structure of crystals. At the end of the exploration phase, the teacher 
asked her pupils to write down what they had learned about the project theme and what 
questions remained unanswered. For example, pupils described different characteristics 
of graphene they knew. In addition, they formulated a question about how to collect 
graphene. Pupils’ remaining questions provided a base for their own research questions 
in the next inquiry phase of designing the investigation. 
  Similar activities were provided by the teachers of the other projects, such as 
the project on Perception, action and movement (see Appendix A), to address pupils’ 
understanding in the conceptual domain. In the project on Dangerous opinions (see 
Appendix A), pupils learned about freedom of speech, rules inside and out of the 
classroom, and opinions that might be regarded as “dangerous”. In this project a group 
of pupils struggled with the formulation of their research question.
 Pupil 1:  We did not really have a research question, but…
 Pupil 2:  Formulating a research question took us very long. We had a very  
difficult subject. And at a certain moment the teacher allowed us to  
investigate: how do people look at power relations and what do they think 
about it?
 Pupil 1:   And we were allowed to construct a questionnaire etc.
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The second pupil in the fragment referred to the difficulty of their assigned research 
topic of “power relations” which was not explicitly discussed in the exploration phase. 
Subsequently, the teacher did not address his pupils’ conceptual understanding of power 
relations and allowed his pupils to continue their investigation with the general research 
question: “How do people look at power relations and what do they think about it?” 
As a consequence, these pupils asked their research subjects many different questions 
about power relations which made it difficult to draw a conclusion. This illustrates the 
importance of addressing conceptual understanding in the exploration phase to enable 
pupils to formulate a specific instead of general research question and to proceed with 
subsequent inquiry phases.
Phase 3: Designing the Investigation
The design phase of the inquiry is focused on formulating research questions, composing 
a research plan and constructing or collecting instruments for measurements. In going 
through these different steps, it is important for teachers to address the procedure of 
formulating a research question, to discuss how to design a valid and reliable investigation, 
such as determining the number of research subjects and measurements, and to address 
social issues regarding collaboration and communication in pupils’ research groups.
  The teachers in the projects on Addiction (see Appendix A) and Dangerous 
opinions scaffolded the procedure of formulating a research question by means of a 
question machine (Peeters et al., 2014). The developed question machine comprises a 
written scaffold depicting a flow chart with criteria for research questions, such as: “The 
question is singular” and “The question is specific and measurable” (see Appendix B). 
When a question fails to meet one of the criteria, pupils need to adjust it. After pupils in 
the project on Addiction had practised by testing some exemplary questions, they used 
the machine to improve their own research question. 
 Pupil 1: What happens when you drink three beers every day?
 Pupil 2:  [Points at the question machine] It is not a question that you can look 
up. It is a singular question. It is quite a good question, it will come out 
[of the question machine], I think.
 
As illustrated, the question machine stimulated pupils to check the quality of their 
formulated research question (procedural domain). However, pupils of the project on 
Dangerous opinions that posed the question: “How do people look at power relations 
and what do they think about it?” failed to formulate a question that met the criterion of 
being specific enough. As mentioned in the exploration phase, these pupils asked their 
research subjects many different questions and were not able to present a conclusion 
regarding their research. This illustrates the importance of a well-formulated research 
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question guiding the design of the research.
  To answer the research question, the next step was to design an investigation. 
Teachers or invited researchers explained the design criteria of a proper investigation 
and questioned pupils about epistemic considerations, such as the number of research 
subjects and measurements to include in their investigation. The following example 
regarding the project on Behaviour (see Appendix A) illustrates this.
  Researcher: Say I would like to know the difference between boys and girls in  
impulsiveness, then I could test you [boy] and you [girl]. If I find that you 
are more impulsive than you. Can I say that all girls are more impulsive 
than all boys?
 Pupils:   No.
 Researcher:   And if I take ten boys and ten girls, can I say it then?
 Pupils:   No.
 Researcher:   No, but I can say it with a little bit more certainty. And when I take 
all boys and girls of the Netherlands? Can I say then a bit more about 
whether girls or boys are more impulsive?
 Pupil:  Of the Netherlands you can.
 Researcher:   Exactly. Of the Netherlands you can. (. . . .) It is something that you have 
to think about. How many people you want to test.
The considerations regarding the number of research subjects in the previous example 
influenced the design of pupils’ research. In the WKRU projects, there were groups of 
pupils that included many research subjects, but also groups that designed a quantitative 
research, but included only two or three research subjects. In the subsequent example, a 
pupil in the project on Anxiety (see Appendix A) was asked about the changes she would 
make in a future investigation.
 Pupil:  I think we would ask more children. Because now we have only asked 
ten. Therefore, we wrote down: so these ten children of year five are more 
afraid when they do not know what is inside the box. We could not write 
down year five [entirely], because we do not know that.
This pupil generated valuable insight in the epistemic domain by recognising the 
importance of sufficient research subjects after she had conducted her research. Because 
not all pupils will develop these insights on their own, teachers can explicitly reflect on 
research designs to address pupils’ understanding of the epistemic domain. 
  In addition to procedures and epistemic considerations, social competences such 
as collaboration and communication were important to address in the current phase of 
inquiry. In four of the seven projects, the teachers facilitated pupils’ collaboration by 
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distributing different roles among each research group of pupils, such as chairman and 
minutes secretary. In the following example, the teacher of the project on Dangerous 
opinions used these roles to call attention to the responsibilities of the chairman. 
  Teacher:  But you should not discharge questions by any means. You can also 
adapt questions. 
  Pupil:   Yes, but that is what I want.
  Teacher:  Who is the chairman?
  Pupil:  I am.
  Teacher:   So finally you say: now I’m going to decide. This question we are going to 
consider one more time together.
The example shows the teacher referring to the role of chairman to help the group decide 
on a research question. 
  In the project on Anxiety, a group of pupils experienced difficulty to resolve 
a disagreement about the selection of research subjects without any teacher support. 
Such a disagreement enables teachers to focus on the social competence of pupils by 
discussing how to resolve the disagreement together and to proceed with their inquiry.
Phase 4: Conducting the Investigation
The goal of the current phase of inquiry is data collection. During data collection, it is 
important to measure precisely and to take notes in a structured way. As soon as pupils 
experienced problems in the procedural domain, the teachers in the WKRU projects 
addressed these problems. In the project on Graphene, for example, pupils measured the 
weight of bricks on top of different objects to find out how many bricks the particular 
object could hold before braking. They estimated the weight of one brick, observed 
how many bricks were needed and worked out the entire weight of the different bricks 
together. During their investigation an observing teacher asked pupils how they could 
measure more precisely and explained the use of a scale. In the other projects we observed 
pupils measuring temperature, time, heartbeat etc. and, for example, writing down 
answers when they interviewed research subjects. As the following example regarding 
the project on Behaviour illustrates, not all groups of pupils paid sufficient attention to 
these procedures. 
 Cameraman:  Do you have a conclusion yet? (. . . .)
  Pupil 1:   We have scored how many [research subjects] went dancing. And now we 
are going to add it up. Because we have girls and boys. And we will add 
that up.
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  Pupil 2:   Only it was not going so well with the girls and boys. Because they were 
grouping all together (. . .). You quickly score one of those [group of girls 
or group of boys]. 
  Pupil 1:   Yes, we could have better written down the two songs and then score how 
many were dancing on each song. But, we could not really have known 
that.
After their investigations, these pupils noticed the drawbacks of trying to score boys 
and girls when they were grouping together. The pupils realised that it would have 
been better to focus on the amount of pupils dancing on each song than trying to 
score boys and girls separately. To address pupils’ procedural understanding of making 
correct measurements and taking notes, teachers can explain, practise and reflect on 
these procedures with their pupils.
Phase 5: Conclusion
To draw a conclusion, it is important for pupils to connect the data to their research 
question and to realise that results and their own opinions should be distinguished. The 
teachers of the projects on Addiction and Dangerous opinions explicitly addressed a 
procedure to support drawing a conclusion in the current phase by referring to relevant 
everyday contexts. The teacher of the project on Dangerous opinions first explained how 
pupils could categorise their detailed results.
  Teacher:   So if you were processing your data and you had a category of people 
between 30 and 50 [years old] and you have got 36 marks [research 
subjects in this category], the most of  all, then you can say: well, people 
in this category… Just look at your data. The most, least, most prominent.
 
Subsequently, the teacher provided an example from his own teaching practice and 
discussed how to draw a conclusion by linking data to a research question.
  Teacher:  I want to know: has year 6 in the last months advanced in spelling? Well, 
when I look at  many results then I would have to conclude: yes, year 6 
has advanced a little bit in her spelling level in the last few months. Is 
that a good conclusion? Yes, that is a good conclusion, because I can read 
it in my data.
The teacher explained the importance of linking data to the research question in order to 
draw a conclusion. As the subsequent example from the project on Addiction illustrates, 
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without an explanation regarding how to draw a conclusion, pupils might make mistakes. 
  Teacher:   Yes indeed, you are going to look at: what is really the conclusion? What 
is really the answer to my research question? (. . . .) When you have an 
investigation in which you want to compare girls and boys. Who ride 
their bikes more: boys or girls? (. . . .) What data, where do you have to 
look at? (. . . .)
  Pupil:   Sometimes it is also a little bit due to age. That is also something you 
have to look at, right?
  Teacher:   No, because what was the research question?
  Pupil:   Oh, like that.
  Teacher:   In your conclusion you are going to answer your question. And not all 
other things, exactly what you mentioned, which might be interesting as 
well. 
The pupil in this example thought it would be best to draw a conclusion based on 
data that were not directly relevant. Subsequently, his teacher addressed procedural 
understanding by referring to the research question and highlighting the importance of 
answering this question.
 In addition to the procedural domain, the teacher of the project on Dangerous 
opinions addressed the epistemic domain by questioning his pupils about the difference 
between their observations and their own opinions. He provided explanations to make 
sure that pupils did not blend these together. Although in the different projects most of 
the pupils did not blend their observations and opinions, the following example of the 
project on Behaviour shows that not every pupil understood this difference. 
  Cameraman:  Do you already have your conclusion? Or not yet?
  Pupil 1:   The conclusion is that children quicker touch candy. Right?
  Pupil 2:   No, bouncing balls.
  Pupil 3:   Toys.
  Pupil 1:   Oh, right.
  Pupil 4:   They touch toys more quickly than [candy].
  Pupil 5:   I still think that the marshmallow is more tempting. 
The pupil in the example preserved her opinion regarding the temptation of candy over 
a toy although the results revealed that research subjects touched the toy more often 
than the candy. It is unclear whether this pupil is an exception or that more pupils 
had difficulties distinguishing their opinions and their results, because some groups 
of pupils only presented their results without discussing their own opinions about the 
generation of results. Therefore, teachers can explain the distinction between results 
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and own opinions and can ask pupils to clarify their own opinions to gain insight into 
pupils’ reflections regarding their own research.
Phase 6: Presentation/Communication
After conducting the investigation and drawing conclusions, the intention of the current 
phase is pupils’ communication of their results to others. It is important that pupils 
present their investigation and results in a clear and comprehensible way. In all observed 
WKRU projects, pupils presented their research to their classmates and/or their parents, 
or to researchers of Radboud University (social domain). They made use of PowerPoint, 
posters, movies or plays to illustrate their research. In the preparation of the presentation 
or directly after pupils presented their research, the teachers asked clarifying questions 
about pupils’ presentation and facilitated reflection through feedback on how to present 
research in a clear and organised way. The teacher of the project on Behaviour discussed 
how to clarify parts of the presentation during its preparation. 
  Pupil 1: [Reads part of the PowerPoint out loud]: The subject is whether he/she is 
more lively at home or at school.
  Teacher:   Who is meant with he or she? Because that is something the parents do 
not know, right?
  Pupil 2:   Write along: your son/daughter.
  Pupil 1:   It says that on top.
  Teacher:   Yes, but you have to refer back to that. Otherwise it is not clear.
The teacher asked about the meaning of “he or she” in order to improve the content 
of the presentation of the pupils. The teachers of the projects on Addiction and on 
DNA and heredity (see Appendix A) commented on the presentations of pupils directly 
after the pupils presented their research and asked their pupils to give each other tips 
and compliments. This enabled pupils to reflect on their presentation and to take into 
account the remarks for future presentations. The subsequent presentation of the project 
on Anxiety is shorter and less structured than the average presentation that pupils 
composed, but was placed here to show that it lacks information.
  Pupil 1: Our research question is: what is the top three of all groups in the [name 
of the school].
  Pupil 2:  These are our results. [The pupils show a poster with the results of each 
group and describe these results].
  Pupil 1:   We really liked to work on it.
  Pupil 3:   It is only a shame that it [the project] has ended already.
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  Pupil 4:   How did we investigate this?
  Pupil 1:   We went along the classrooms and asked whether they could write down 
their top three about things they are afraid of. At the kindergarten we 
made a letter for the parents and gave it along with the pre-schoolers. 
And we asked if they wanted to fill it in with their parents.
  Pupil 2:   And this was our research (. . .) [incomprehensible].
The quoted pupils forgot to mention crucial elements of a research presentation, such 
as a hypothesis, conclusion and discussion about limitations and recommendations 
regarding their own research. Therefore, teachers can address these important elements 
during the preparation of the presentations and reflect on these elements after pupils 
have presented their research.
Phase 7: Deepening/Broadening 
In the final phase of inquiry, the goal is to reflect on the inquiry process and to deepen 
or broaden understanding of the project theme. Teachers and their pupils of the projects 
on DNA and heredity; Behaviour; and Perception, action, and movement visited a 
lab at the university, and the primary school of the pupils with the IBSE project on 
Graphene was visited by researchers. As part of these visits, scientists discussed the 
concepts within their research studies and talked about the epistemic decisions they 
made. Pupils presented their own research and answered questions of the scientists. 
In addition to a site visit to a university, there are other options to deepen or broaden 
pupils’ understanding, for example group discussions regarding the domains of scientific 
knowledge and questions that remain unanswered. Ideally, these reflections lead to a 
new cycle of IBSE.
3.5 Conclusion
The results show that it was important for the teachers in our study to support pupils’ 
learning process by addressing specific domains of scientific knowledge in each phase of 
inquiry. The teachers addressed these domains to enable pupils to continue with their 
investigations. For example, by providing explanations when pupils had questions related 
to a domain of scientific knowledge. Table 3.2 represents a pedagogical framework based 
on these results. This framework serves as an example of how the focus of the teachers 
in the WKRU projects shifted from one domain of scientific knowledge to another 
during the different inquiry phases. In these open inquiry projects, teacher interventions 
based on specific domains of scientific knowledge addressed in the subsequent phases of 
inquiry, contributed to pupils’ ability to proceed with their investigations and continue 
with the subsequent phase of inquiry. For example, in the exploration phase, teachers 
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addressed the conceptual domain by questioning pupils to retrieve prior knowledge; 
by referring to relevant everyday contexts; and connecting hands-on science activities 
with minds-on reflections about these activities. Subsequently, pupils were enabled 
to differentiate between their acquired knowledge and their remaining questions. We 
observed that when the teachers paid attention to specific domains in their linked 
phases, pupils were enabled to proceed within and between inquiry phases. However, 
teachers should be mindful of other domains of scientific knowledge in each IBSE phase 
as well, depending on the specific context of the project.
Table 3.2: The contribution of addressing specific domains of scientific knowledge in the  
subsequent inquiry phases.
Phase Domain Examples of teacher
interventions
The contribution to the 
learning process of pupils
1 Introduction Epistemic Promoting pupils’ enthusiasm 
regarding the process of 
open inquiry by referring to 
authentic research practices.
Understanding the context of 
scientific research and being 
enthusiastic about the process 
of open inquiry.
2 Exploration Conceptual Questioning pupils to 
retrieve prior knowledge and 
improving understanding 
about the project theme 
by linking concepts with 
relevant everyday contexts and 
providing hands-on science 
activities combined with 
minds-on reflections.
Differentiating between their 
acquired knowledge and the 
knowledge they wanted to 
acquire regarding the project 
theme in order to formulate a 
research question in the next 
phase of inquiry.
3 Designing an 
investigation
Procedural Scaffolding the procedure 
of formulating a research 
question via a question 
machine with criteria and 
examples.
Performing the procedure of 
formulating and adjusting a 
research question.
Epistemic Explaining design criteria of 
a proper investigation and 
questioning pupils about 
considerations regarding their 
research design, such as the 
number of research subjects 
and measurements.
Considering the number 
of research subjects and 
measurements needed to 
conduct the investigation.
Social Facilitating pupils’ 
collaboration, for example 
by dividing roles such as 
chairman, and discussing 
individual responsibilities 
regarding these roles.
Working together during the 
inquiry process according to 
their role of collaboration.
4 Conducting 
the 
investigation
Procedural Asking and explaining pupils 
how to measure precisely and 
how to take organised notes.
Making correct measurements 
and taking organised notes.
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5 Conclusion Procedural Explaining how to draw a 
conclusion by discussing 
relevant everyday contexts 
and referring to the research 
question.
Referring to the research 
question when drawing a 
conclusion.
Epistemic Questioning pupils about the 
difference between results, 
conclusion and discussion, 
and providing explanations.
Differentiating between 
results, conclusion and 
discussion.
6 Presentation/ 
communica-
tion
Social Asking pupils to clarify their 
presentations and facilitating 
reflection through feedback on 
how to present the research in 
a clear and organised way.
Explaining the research to an 
audience via attention to the 
different components of the 
process of inquiry.
7 Deepening/ 
broadening
Reflection 
and further 
elaboration on 
all domains or 
specific choices
Visiting a scientific practice 
or facilitating a visit of 
researchers to the primary 
school to reflect on acquired 
knowledge and to further 
deepen/broaden the 
knowledge.
Reflecting on acquired 
knowledge and further 
deepening/broadening of 
knowledge.
3.6 Discussion and implications
The central question in this study is: How can primary school teachers support their 
pupils during open IBSE? We answered this question by developing a pedagogical 
framework regarding domains of scientific knowledge and phases of inquiry based 
on a literature study and video analyses of open inquiry in practice. The constructed 
pedagogical framework supports teachers in their guidance of pupils through the process 
of open inquiry.
  In the WKRU projects the sequence of domains of scientific knowledge in the 
different phases of inquiry was as follows: conceptual (phase 2) – procedural, epistemic 
and social (phase 3) – procedural (phase 4/5) – epistemic (phase 5) – social (phase 
6), all domains or specific choices (phase 7). This sequence illustrates the importance 
of addressing all four domains before phase 4 to build a foundation for successful 
conduction of investigations by pupils. In the observed IBSE projects, the domains of 
scientific knowledge were addressed a second time from phase 4 onwards. We suggest a 
similar focus for other teachers when supporting their pupils during comparable open 
IBSE projects to contribute to successful acquiring, processing and explaining the data. 
 Furthermore, the results show that specific choices for teacher interventions 
regarding the domains of scientific knowledge within the process of inquiry enabled 
pupils to proceed through the different IBSE phases. Teachers, for example, scaffolded 
pupils’ procedural understanding by explaining and referring to a question machine 
to help pupils with the formulation of a research question. To address the epistemic 
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domain, teachers referred to authentic scientific inquiry in the introduction phase, 
and questioned their pupils about the generation of scientific knowledge and provided 
explanations during the design of the research and in the conclusion phase. This enabled 
pupils to develop an interest in scientific inquiry, to consider the generation of scientific 
knowledge and to link their own research with that of real scientists (Furtak, 2006; 
NRC, 2007; Sandoval, 2005). 
  Conceptual understanding was addressed in the exploration phase by teaching 
strategies, such as questioning (School aan Zet, 2014) and connecting coherent concepts 
with relevant contexts by focusing on pupils’ interests, making real-world connections 
and linking prior knowledge and experiences to the topics at hand (Schroeder et al., 2007; 
Van Graft, Boersma, Goedhart, Van Oers, & De Vries, 2009). Moreover, theory and 
practice were combined by emphasising minds-on aspects of hands-on science activities 
(Abrahams & Millar, 2008). These teaching strategies enabled pupils to become aware 
of their current knowledge and their remaining questions, and to formulate a research 
question in the phase of designing the investigation more easily. 
  To address the procedural domain in the phases of designing and conducting 
the research and in the conclusion phase, teachers used strategies, such as questioning 
(School aan Zet, 2014), providing static scaffolds (Saye & Brush, 2002) and making 
connections with relevant everyday contexts (Van Graft et al., 2009). They, for example, 
scaffolded the procedure of formulating a research question by means of a question 
machine (Peeters et al., 2014). The importance of supporting pupils’ conceptual 
knowledge and procedural skills during open inquiry is recognised by Zion et al. (2007). 
Without this support, pupils have difficulties to perform inquiry procedures and to 
proceed within and between inquiry phases.
  Finally, via facilitating pupils’ collaboration (Johnson & Johnson, 2009) and 
reflection through feedback (Van der Schaaf, Baartman, Prins, Oosterbaan, & Schaap, 
2013), teachers addressed the social domain during the design and the presentation 
phase of inquiry. This enabled pupils to discuss collaboration (Schroeder et al., 2007; 
Tolmie et al., 2010) and communication issues regarding their own research project 
(Mercer et al., 2004). Furthermore, they were enabled to explain their research to others 
(Peeters et al., 2014). To conclude, we advise teachers of similar IBSE projects to address 
specific domains of scientific knowledge in the subsequent phases of inquiry and to 
implement the teaching strategies that are illustrated in our pedagogical framework.
  When teachers and researchers use our pedagogical framework, there are certain 
limitations and considerations to take into account. We will address these and link 
them to recommendations for future research. First of all, the context of WKRU is 
important to address. The collaboration of team members of WKRU, primary school 
teachers, teacher trainers and scientists of Radboud University enabled the construction 
of thorough and comprehensive open inquiry projects. To validate our framework, we 
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recommend future research to further investigate other open inquiry projects constructed 
at Science Education Hubs or primary schools. 
 Second, the way WKRU projects were captured on film has to be taken into 
account. The primary goal of obtaining the video material of the different projects was 
to provide teachers with IBSE examples they could use in their own classroom. The 
film makers decided to film different groups of pupils and not to focus entirely on 
actions of the teacher, because something interesting could happen in a group of pupils 
while the teacher was focusing on another group. Since we analysed the videos and were 
not present in the classrooms, it is likely that we did not observe all teacher activities 
that took place when pupils worked together in their research groups. Nevertheless, 
comments of pupils regarding teacher actions and similarities between the different 
projects show that the observed videos sufficiently represent teacher and pupil actions. 
However, for future research we recommend to capture all teacher actions on camera.
  Another consideration regarding our study is that the domains of scientific 
knowledge were only addressed briefly in the introduction phase and just a few teachers 
paid attention to these domains in the conclusion phase. For future research, it is advised 
to further investigate the connection between these phases and their currently linked 
domains. We would expect, for example, that it is important for teachers to address the 
conceptual domain in the conclusion phase, but in our analysed projects we did not 
observe teaching strategies regarding the combination of this domain and phase. 
 Finally, our most important recommendation for future research is to make the 
constructed pedagogical framework usable for primary school teachers; for example, by 
providing tools, materials and exercises based on the pedagogical framework for teachers 
to use within their classroom practice. With a practical version of the framework, teachers 
will be further enabled to support their pupils during the process of open inquiry. 
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3.8 Appendix A
Short Descriptions of the Seven IBSE Projects.
Project Content
Graphene By means of watching and discussing videos regarding characteristics of graphene, 
pupils learned about this very strong material consisting of a flat surface of carbon 
atoms. The teacher provided different hands-on science activities, such as constructing 
graphene with cocktail picks and wine gums. Subsequently, pupils formulated 
research questions, such as: “Which object is the strongest: a piece of paper, a wooden 
stick, a CD or a pen?” After investigation they found, to their surprise, that the piece 
of paper was the strongest. 
   
Perception, 
action and 
movement
Pupils were enabled to engage in hands-on activities, such as balancing a tray with 
drinks, combined with minds-on reflections by discussing a model that incorporated 
the concepts of perception, action and movement. An example of a research 
question formulated by pupils is: “Can you hit a soccer goal more easily when there 
is a reference point attached to the goal than without the reference point?” After 
investigation it turned out that a reference point indeed made a difference. The pupils 
suggested that soccer coaches can use their results to train professional soccer players.
   
Dangerous 
opinions
The teacher and his pupils discussed the importance of rules inside and out of the 
classroom. By means of different statements, pupils’ opinions about freedom of 
speech were retrieved. Scientists were invited to the classroom to discuss pupils’ 
opinions about philosophers and their theories after being informed about these in 
short videos. Pupils formulated research questions, such as: “Is the rule regarding the 
maximum of 6 minutes to change clothes after gym class respected when there is no 
consequence attached to this rule?” A consequence indeed made a difference.
   
Addiction The teacher provided statements to retrieve pupils’ opinions about addiction and 
peer pressure. The pupils experienced hands-on activities, watched and discussed 
videos and were informed about real scientific investigations regarding peer pressure. 
An example of a research question formulated by pupils is: “Are boys or girls more 
influenced by peer pressure to drink something which they are not allowed to?” After 
investigation the pupils found no significant difference between boys and girls.
   
Behaviour Pupils were engaged in an experiment and discussed the influence of expected rewards 
or punishment on remembering a list of objects. Furthermore, they watched and 
discussed a video regarding the effect of rewards on the behaviour of young children. 
A research question formulated by pupils is: “Are kindergarten pupils more temped to 
touch a sweet or a toy when they are left alone with both?” It came as a surprise that 
their research subjects were more temped to touch toys than sweets. 
   
Anxiety The teachers performed a short play about two frightened persons and repeated a real 
research study with their pupils concerning memory of neutral and scary pictures. A 
group of pupils in this project investigated the amount of anxiety in research subjects 
who put their hand inside a box with a known or unknown content. Results of the 
heart rate monitor showed that research subjects experienced a bit more anxiety when 
the content of a box was unknown to them.
   
DNA and 
heredity
The teacher provided hands-on science activities for her pupils to introduce and 
explore the concepts of DNA and heredity. Pupils, for example, made their own 
paper DNA sequence consisting of different codes that represented their physical 
characteristics. Subsequently, they formulated research questions, such as: “Which 
physical characteristics does an average child of our school have?” After investigation, 
this group of pupils concluded that the average child in their school had, among 
other physical characteristics, blue eyes and blond hair. 
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Abstract 
This chapter describes a multiple case study on open inquiry-based learning in primary 
schools. During open inquiry, teachers often experience difficulties in balancing support 
and transferring responsibility to pupils’ own learning. To facilitate teachers in guiding 
open inquiry, we developed hard and soft scaffolds. The hard scaffolds consisted of 
documents with explanations and/or exercises regarding difficult parts of the inquiry 
process. The soft scaffolds included explicit references to and additional explanations 
of the hard scaffolds. We investigated how teacher implementation of these scaffolds 
contributed to pupils’ self-directed learning during open inquiry. Four classes of 
pupils, aged 10 – 11, were observed while they conducted an inquiry lesson module 
of about 10 lessons in their classrooms. Data were acquired via classroom observations, 
audio recordings, and interviews with teachers and pupils. The results show that after 
introduction of the hard scaffolds by the teacher, pupils were able and willing to apply 
them to their investigations. Combining hard scaffolds with additional soft scaffolding 
promoted pupils’ scientific understanding and contributed to a shared guidance of the 
inquiry process by the teacher and her pupils. Our results imply that the effective use of 
scaffolds is an important element to be included in teacher professionalisation.
Inquiry-based science education: Scaffolding pupils’ self-directed learning in open inquiry
71
C
ha
pt
er
 4
4.1 Introduction
This chapter describes a multiple case study of four lesson modules on open inquiry in 
primary schools. We investigated how the implementation of hard and soft scaffolds 
within the inquiry process enabled teachers to facilitate their pupils’ self-directed 
learning. 
  In Europe, different programmes centralise inquiry-based science education 
(IBSE) as a pedagogical approach to improve understanding of scientific knowledge and 
promote a scientific attitude (e.g., Bolte & Rauch, 2014; Maaß, Reitz-Koncebovski, & 
Billy, 2013). IBSE addresses pupils’ curiosity and enables them to formulate a research 
question about a scientific topic of their interest. Subsequently, pupils conduct their 
own investigation and draw conclusions in order to answer their research question. The 
role of the teacher is to facilitate pupils’ inquiries (Lazonder & Harmsen, 2016; Van 
Uum, Verhoeff, & Peeters, 2016) by addressing conceptual understanding, inquiry 
procedures, and the way scientific knowledge is generated and communicated (Duschl, 
2008; Furtak, Seidel, Iverson, & Briggs, 2012).
  Unfortunately, primary school teachers often experience difficulties in 
determining how much guidance to provide to their pupils (Yoon, Joung, & Kim, 2012; 
Zion, Cohen, & Amir, 2007). They can either control the learning process; enable pupils 
to guide their own inquiries; or share the guidance of the learning process with their 
pupils. Teachers can, for example, control the learning process by providing research 
questions; pupils can guide their own learning by formulating their own research 
questions; and the teacher and pupils can share the guidance of the learning process 
when pupils adjust research questions provided by the teacher (National Research 
Council [NRC], 2000). In open IBSE, it is important for teachers to support pupils’ 
progress in the different phases of inquiry (Van Graft & Kemmers, 2007), for example, 
by promoting the acquisition of conceptual or procedural knowledge (Van Uum et 
al., 2016). In addition, teachers should support pupils to direct their own inquiries. 
However, it is yet unclear how teachers can facilitate their pupils’ inquiries while 
promoting their self-directed learning. 
 When guiding open inquiry, scaffolds can be used to increase pupils’ 
understanding of the inquiry process (e.g., Saye & Brush, 2002; Simons & Klein, 2007). 
In education, a scaffold is a temporary support that is gradually faded when pupils are 
more and more able to achieve learning goals without the scaffold (Lajoie, 2005). It is 
important to provide scaffolding in pupils’ “zone of proximal development” (Vygotsky, 
1978; Wood, Bruner, & Ross, 1976) by assisting them to comprehend components 
of a task which they cannot comprehend by themselves. Scaffolds can be divided into 
hard and soft scaffolds (Saye & Brush, 2002). Hard scaffolds are “static supports that 
can be anticipated and planned in advance based on typical student difficulties with 
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a task” (Saye & Brush, 2002, p. 81). In addition to hard scaffolds, “soft scaffolds are 
dynamic and situational. Soft scaffolds require teachers to continuously diagnose the 
understandings of learners and to provide timely support based on student responses” 
(Saye & Brush, 2002, p. 82). When implementing scaffolds, it is important to diagnose 
pupils’ prior knowledge and to provide support in their zone of proximal development. 
Finally, teacher support should fade and the learning process should be gradually handed 
over to the pupils (Smit, Eerde, & Bakker, 2013). 
  In this chapter, we address how the implementation of hard and soft scaffolds 
facilitates pupils’ self-directed learning. The scaffolds in this study are based on a 
pedagogical framework developed in a previous study (Van Uum et al., 2016). The 
framework distinguishes seven phases of inquiry: introduction, exploration, designing the 
investigation, conducting the investigation, conclusion, presentation/communication, 
and deepening/broadening (Van Graft & Kemmers, 2007). In our previous study, 
it was important to address specific domains of scientific knowledge in each of the 
inquiry phases. These domains were: the conceptual domain (body of knowledge); 
the epistemic domain (knowledge about the nature of science and the generation of 
scientific knowledge); the social domain (research communication and collaboration); 
and the procedural domain (procedures, such as formulating a research question) (Van 
Uum et al., 2016). For example, in the exploration phase, addressing the conceptual 
domain implies retrieving pupils’ prior knowledge and improving their understanding 
about concepts relevant to their inquiries. This enables pupils to formulate a research 
question in the subsequent phase of inquiry.
 The pedagogical framework provides examples of interventions to support the 
inquiry process, but lacks tangible tools for pupils to use during their inquiries. In the 
current study, we developed tools or scaffolds for the combinations of inquiry phases 
and domains of scientific knowledge that required the most teacher support. We expect 
that these scaffolds enable pupils to proceed with the subsequent phases of inquiry and 
facilitate their self-directed learning. We investigated how teachers introduced the hard 
scaffolds as well as how they provided soft scaffolds that improved pupils’ understanding 
of the inquiry process and enabled them to direct their own learning. The central 
question of the current study is: How does teacher implementation of hard and soft 
scaffolds contribute to pupils’ self-directed learning during open inquiry?
4.2 Research design
To address our research question, we conducted a multiple case study of four lesson 
modules on open inquiry in three primary schools that were supported by Science 
Education Hub Radboud University. This Science Education Hub has extensive 
experience with inquiry activities for primary education and translates research of 
Inquiry-based science education: Scaffolding pupils’ self-directed learning in open inquiry
73
C
ha
pt
er
 4
Radboud University into IBSE lesson modules in collaboration with researchers, pre-
service and in-service primary school teachers, and teacher trainers. The inquiry-based 
pedagogical approach in these lesson modules is based on the seven phases model of Van 
Graft and Kemmers (2007). After six months of collaboratively developing an IBSE 
lesson module, primary school teachers implement it in their classrooms. Each lesson 
module contains about 10 lessons and each lesson lasts 1 to 1,5 hours. 
Description of the Four Cases
The four teachers are all female and teach pupils (aged 10 – 11) in primary school. The 
teachers of cases 1, 2 and 3 participated in project teams that translated research studies 
into inquiry-based lesson modules facilitated by Science Education Hub Radboud 
University. The fourth teacher is a substitute teacher who did not participate in a project 
team and relied on an experienced IBSE colleague for ideas and activities. The four 
cases are discussed hereafter and the content of each classroom project is elaborated in 
Appendix C.
  Case 1: The school is situated in a rural area. A classroom of 29 pupils and their 
two part-time teachers participated in the IBSE project on the theme of Higgs. Higgs 
was discovered in a particle accelerator in which protons collide. The concept of Higgs 
can explain why particles have mass. To conduct an investigation based on subthemes 
of Higgs, such as acceleration and weight, a group of pupils formulated the following 
research question: “What falls faster: a marble or a tennis ball?” The teacher who had 
the leading role in the project is aged 46 and has 6 years of teaching experience. She 
has a Bachelor’s degree in primary education and is studying for a Master’s degree in 
education. She and her pupils have experience with a pedagogy resembling IBSE, but 
which only includes literature research. 
  Case 2: The school is situated in an urban area. A classroom of 21 pupils was 
engaged in the lesson module “the world upside down” and explored different ways of 
looking at the world by people from different cultures, religions, generations, etc. Pupils 
in this case investigated, for example, whether adults or children were more willing to 
donate an amount of money to a charity. The teacher, aged 60, has 18 years of teaching 
experience and a Master’s degree in adult education. She is familiar with demonstrating 
scientific experiments, but she and her pupils have no prior experience with IBSE. 
  Case 3: The school is the same school as in case 2 and the project topic is also 
“the world upside down”. A classroom of 22 pupils was involved in the IBSE project. 
The pupils investigated, for example, the similarities and differences in opinions and 
viewpoints between Dutch people and refugees from Syria and Afghanistan. The teacher, 
aged 23, taught an IBSE project as a pre-service teacher in her second year of college, 
and is now in her final study year. The pupils conducted a smaller inquiry project in 
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their previous school year.
  Case 4: In this school, situated in an urban area, 29 pupils and their substitute 
teacher, aged 42, participated in the lesson module “networks in the brain”. This topic 
refers to different brain areas, such as the visual, auditory, and motor cortex, which 
are interconnected. Pupils in this case investigated, for example, whether people could 
remember things better by hearing or by sight. The teacher recently started to work 
at the school and has 16 years of teaching experience. She has a Bachelor’s degree in 
primary education. Neither she nor her pupils have any prior experience with IBSE. 
Intervention
Based on video-analyses of pupils’ learning difficulties during several inquiry cycles 
in our previous study, it was important to focus on domains of scientific knowledge 
(conceptual, procedural, social, and epistemic) in the different phases of inquiry (Van 
Uum et al., 2016). Therefore, in the current study, we designed scaffolds for each inquiry 
phase. Each hard scaffold focused on an important combination of domain of scientific 
knowledge and phase of inquiry, based on our previous study. 
 We developed the hard scaffold “poster with inquiry phases”, aimed at 
understanding these phases, to promote pupils’ epistemic knowledge in the introduction 
phase of inquiry. In the exploration phase, we used the “question wall” to elicit initial 
questions by differentiating between acquired knowledge and remaining questions. We 
developed the “question machine” to facilitate the formulation of research questions in 
the design phase of inquiry. To support the data collection during the actual inquiry, we 
used the scaffold “recording data”. The scaffold “difference between results, conclusion 
and discussion” was designed to understand these differences and to implement them in 
pupils’ own investigations. We used the hard scaffold “presenting an inquiry” to support 
pupils as they developed and gave research presentations. In the final phase of inquiry, 
we advised teachers to select scaffolds to reflect on pupils’ investigations and further 
deepen and broaden their knowledge. An overview of these scaffolds, their contents 
and goals is provided in Table 4.1. The latest versions of the scaffolds can be found 
on the website of Science Education Hub Radboud University (http://www.ru.nl/
wetenschapsknooppunt/english/materials/).
 We developed two soft scaffolds for teachers to use when their pupils asked 
questions or needed support, based on the model of soft scaffolding of Van de Pol, 
Volman, Oort, and Beishuizen (2014). As teachers need extensive professionalisation to 
implement the different steps of this model, we decided to focus on step 3, “providing 
contingent support”. Since teachers are used to answering pupils’ questions instead of 
promoting their self-directed learning, we chose soft scaffolds that we expected to be 
easy to implement: 1) refer to a hard scaffold, and 2) provide examples or explanations 
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regarding the hard scaffold.
 As part of project teams, the teachers of cases 1, 2 and 3 had translated research 
into inquiry-based lesson modules and had gained knowledge about inquiry-based 
learning. The fourth teacher was informed about inquiry-based learning by a colleague. 
To be able to use the scaffolds in their teaching practice, we instructed the four teachers 
individually (cases 1 and 4) or together (cases 2 and 3) for about 1,5 to 2 hours. During 
our instruction, we introduced the domains of scientific knowledge and clarified their 
connection to the different phases of inquiry (Van Uum et al., 2016). Furthermore, 
we explained the scaffolds and discussed the learning goals regarding the domains of 
scientific knowledge to address in each phase of inquiry (see Table 4.1). We asked the 
teachers to implement each scaffold when and how they considered it most appropriate. 
Therefore, teachers could choose to introduce a scaffold comprehensively or, for example, 
hand out the scaffold to pupils to discuss in their research groups. Furthermore, we 
asked the teachers to gradually hand over the responsibility for the learning process by 
providing soft scaffolds to stimulate pupils’ use of the hard scaffolds and to enable them 
to solve their own problems within the inquiry process.
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Data Collection
The data consist of audio fragments captured by two voice recorders, video fragments 
captured by a camera from a fixed position in the classroom, and interviews with 
the teachers and their pupils. The data were collected to determine how the teachers 
implemented the hard and soft scaffolds during the inquiry-based lesson module and 
whether and how the pupils were enabled to direct their own inquiries.
  The audio and video fragments represent the guidance of the teacher during 
inquiry-based learning and conversations between pupils about their inquiries. Each 
teacher carried a voice-recorder to capture her instructions and discussions with pupils, 
and to establish whether or not she used hard and soft scaffolds to support her pupils. 
With this voice-recorder, we determined to what extend pupils needed guidance by the 
teacher to proceed with their investigations. Additionally, each lesson was observed, 
notes were taken and a second voice-recorder was used to capture pupils’ inquiry process 
and their use of hard and soft scaffolds. This second voice-recorder was carried by an 
exploring observer who was present in the classroom. The observer walked around to 
capture conversations of the different groups of pupils and observed each group for 
about 3 to 5 minutes. To explore whether and how pupils directed their own inquiries, 
the observer asked them about their recent actions regarding the inquiry process and 
explanations for these actions. 
  The teachers were interviewed after each lesson and after the entire project 
about their experiences in implementing the scaffolds. In a semi-structured interview, 
the teachers were asked about their successes and difficulties when: implementing lessons 
of the inquiry-based lesson module; providing instruction regarding the hard scaffolds; 
and guiding groups of pupils (to find out whether the teachers used soft scaffolds). After 
finishing the lesson module, about half of the pupils were interviewed in their research 
groups: 15 pupils of case 1; 12 pupils of case 2; 10 pupils of case 3; and 11 pupils of 
case 4. The interviewed pupils of case 1 were divided into seven research groups of two 
pupils each, and the interviewed pupils in cases 2, 3 and 4 were each divided into three 
research groups of about four pupils each. In a semi-structured interview, these pupils 
were asked about the teachers’ instruction and the support by means of hard and soft 
scaffolds, and about their own use of the scaffolds during their investigations. To gain 
insight into pupils’ understanding of inquiry-based learning, they were asked to describe 
how they designed and conducted their own investigations, and how they processed 
results, drew conclusions, and presented their results. In addition, the pupils were asked 
questions about their understanding of the topics on the scaffolds that can be linked to 
the different domains of scientific knowledge. For example: “What do you have to take 
into account when formulating a good research question?” (Procedural domain). 
  The video- and audio data were triangulated with the interview data to 
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determine how the teachers implemented the hard and soft scaffolds, and how their 
pupils used these during their inquiry process.
Analysis
Data analysis focused on whether and how the hard and soft scaffolds were implemented 
and contributed to pupils’ understanding of the inquiry process and their self-directed 
learning. To determine the teachers’ implementation of the scaffolds, we selected all 
audio fragments with reference to specific hard scaffolds or activities linked to these 
scaffolds for each phase of inquiry (see Table 4.1). For each fragment, we determined 
whether the specific scaffold was discussed during the preparation of, engagement in, 
and regulation of learning activities (Boekaerts & Simons, 1995; Shuell, 1988). These 
elements were distinguished in the current study, because they can be directed by the 
teacher, the pupils or both. This provides information about parts of the inquiry-based 
learning process that are directed by pupils and/or the teacher. Fragments were labelled 
as “preparation” when prior knowledge was retrieved, learning goals were chosen and 
learning activities were planned. The label “engagement” was used for fragments in which 
learning activities, such as understanding, integration and application of knowledge, 
were conducted. “Regulation” referred to monitoring, for example, the concentration 
and effort of the pupils, or evaluating the learning process, for example, via questions 
or feedback. In addition to the implementation of hard scaffolds, we recorded whether 
and how the teachers and pupils used soft scaffolds (Smit et al., 2013; Van de Pol et 
al., 2014) by 1) referring to a hard scaffold, and 2) providing examples or explanations 
regarding the hard scaffold.
  The scaffolds focused on the domains of scientific knowledge (conceptual, 
epistemic, social, and procedural) to guide pupils through each phase of inquiry. We 
determined whether pupils developed scientific understanding and used the scaffolds 
within their investigations. In the interviews after the lesson modules, we asked them 
to explain their understandings of and actions within each phase of inquiry. Their 
explanations were compared to the elements on the hard scaffolds that were used in 
our study. For example, to determine pupils’ procedural understanding of formulating 
a research question, we established how many criteria on the hard scaffold “question 
machine” were mentioned by pupils to take into account when formulating a research 
question. In addition, we analysed the content of each selected audio fragment to 
find evidence for pupils’ (lack of ) understanding of the specific domain of scientific 
knowledge that was centralised in each phase of inquiry. We established, for example, 
whether pupils’ presentations of their investigations matched the content of a research 
presentation on the hard scaffold “presenting an inquiry”.
   The amount of self-directed learning during open inquiry was determined by 
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labelling each fragment as “teacher guided”, “pupil guided”, or “guided by both teacher 
and pupil(s)” (NRC, 2000). We chose these labels as, according to the NRC (2000), 
the amount of self-direction can vary from the pupils directing their own inquiries to 
the pupils directing their inquiries supported by the teacher, and the teacher directing 
the inquiries of the pupils. We labelled a fragment as “teacher guided” when the teacher 
led the conversation and asked questions, and the pupils followed her directions. A 
fragment was labelled as “pupil guided” when pupils asked questions and/or provided 
information, and the teacher followed the pupils’ discussion without presenting 
information herself. In addition, pupils’ discussions about a scaffold or its goals were 
labelled as “pupil guided”. The label “both teacher and pupil guided” applied when both 
parties guided the conversation, e.g. by asking and answering questions.
  Finally, we selected all interview fragments that contained references to the hard 
and soft scaffolds and combined these with the audio fragments to determine whether 
our observations matched the teachers’ and pupils’ opinions and understanding of the 
scaffolds.
4.3 Results
In the subsequent paragraphs, we provide a thick description of the implementation 
of the scaffolds, and the gradual handover of the learning process to pupils based on 
our audio, video, and interview analyses of all four cases. Similarities and differences 
between the cases are highlighted and illustrated with examples. These examples are 
representative for the entire dataset, because they illustrate the direction of the learning 
process by the teacher, the pupils or both during the preparation of, engagement in, and 
regulation of learning activities. The quotes focus on (part of ) an inquiry phase and can 
be linked to elements on a hard scaffold or the domain of scientific knowledge that the 
scaffold focused on. In these quotes: the teacher guides her pupils; the teacher and her 
pupils work together on a part of the pupils’ investigation; or the pupils work on their 
own investigations.
  In addition to this qualitative account of the learning process in each phase of 
inquiry, an overview is provided of the evidence regarding the importance of specific 
scaffolds for pupils’ understanding of the inquiry process (see Table 4.2). 
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Table 4.2: Evidence of pupils' elaborated understanding of the inquiry process.
Inquiry
Phase
Pupils’ learning 
goals focused on…
Classroom 
observations 
showed that…
Evidence based on 16 interviewed groups of 
pupils
Pupils’ products In the final interviews…
1 …understanding 
the inquiry cycle, 
informed by the 
scaffold “poster with 
inquiry phases”.
…pupils hardly 
mentioned the 
inquiry phases 
during their 
investigations.
Pupils did not develop a 
product.
… 8 groups were able to 
mention one or more inquiry 
phases without the poster:
- 1 phase: 2 groups
- 2 phases: 2 groups
- 4 phases: 2 groups
- 5 phases: 1 group
- 6 phases: 1 group
2 …formulating 
questions that fit the 
(sub)theme(s) of the 
scaffold “question 
wall”.
…pupils 
formulated 
questions related 
to the (sub)
theme(s) of their 
inquiry project.
The formulated 
questions by all of the 
16 groups of pupils 
matched the theme 
or subtheme of the 
classroom inquiry 
project.
…pupils did not refer to the 
question wall as a useful tool.
3 …formulating a 
research question 
that meets the five 
criteria of the scaffold 
“question machine”.
…pupils were able 
to reformulate 
questions into 
research questions, 
meeting the 
criteria of the 
question machine.
- 6 groups had 
formulated questions 
that met 4 criteria of 
the question machine.
- 8 groups had 
formulated questions 
that met 3 criteria.
- 1 group had 
formulated a question 
that met 1 criterion.
…13 groups of pupils 
mentioned the question 
machine as one of the most 
useful scaffolds in their inquiry 
process.
…when asked how to 
formulate a research question, 
- 6 groups mentioned criteria 
of the question machine.
- 4 groups referred to other 
criteria, such as “the question is 
not answered with yes or no”.
- 6 groups were unable to 
name any criteria.
4 …recording data in 
an organised way, 
informed by the 
scaffold “recording 
data”.
…pupils reminded 
each other to write 
down their data in 
an organised way.
- 11 groups recorded 
their data by 
differentiating between 
participants or tests.
- 3 groups recorded 
data, such as 25.7 
seconds, without 
referring to a 
participant or test.
- 1 group decided to 
remember their results.
- 1 group had difficulty 
writing down opinions 
of participants while 
interviewing them.
…the 15 groups that had 
recorded their data, were able 
to describe how they had 
written down the data they 
collected.
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5 …processing results 
in graphs, tables 
or figures, drawing 
a conclusion, and 
reflecting on their 
results, using the 
scaffold “difference 
between results, 
conclusion and 
discussion”.
…pupils 
developed graphs 
and tables, 
answered their 
research questions 
and provided 
recommendations 
for future research.
- 13 groups had 
calculated a mean, had 
written a summary 
about their results, or 
had composed tables 
and/or graphs. 
- 3 groups had only 
written down their 
data without further 
processing.
- 7 groups were able to provide 
a conclusion. 
- 5 groups did not understand 
the word “conclusion”, but 
were able to answer their 
research question when asked. 
- 4 groups were unable to 
provide a conclusion.
- all 16 groups mentioned 
recommendations for future 
inquiries. 
6 …presenting the 
research by means 
of the scaffold 
“presenting an 
inquiry”.
…pupils included 
elements of 
the scaffold 
“presenting an 
inquiry” in their 
presentations, 
such as designing 
and conducting 
the investigation. 
- 7 out of 15 groups 
included all elements of 
the scaffold “presenting 
an inquiry” in their 
presentation, although 
3 groups put them in a 
different order.
- 5 groups forgot to 
include one element of 
the scaffold.
- 3 groups forgot to 
include two elements of 
the scaffold.
...8 groups of pupils specifically 
mentioned the scaffold 
“presenting an inquiry” as one 
of the most useful within their 
inquiry project.
Phase 1: Introduction
The seven phases of a scientific inquiry were introduced as a preparation for pupils’ 
own investigations. The teacher of case 3 asked pupils about their prior knowledge of 
the inquiry process, since her pupils had conducted an investigation in the previous 
school year. Each teacher discussed the phases of inquiry in chronological order while 
pupils observed the hard scaffold “poster with inquiry phases”. The teacher of case 2 
made connections to real research by explaining that pupils were going to participate 
in a project that was connected to a real scientific investigation of the university. All 
four teachers explained learning goals and pupils’ activities in each phase of inquiry, as 
illustrated by the case 2 teacher:
 Teacher:  In groups you will pass through the circuit [of activities related to the 
project theme “the world upside down”]. Also to let you think about 
what you would like to know. You cannot just formulate any [research] 
question. Your question needs to be connected to the project of the 
university. (…) Exploration is: what would you like to know.
Neither teachers nor pupils referred explicitly to the poster after its introduction. 
Therefore, the amount of self-directed learning could not be determined, as pupils did 
not engage with the poster nor regulated their learning by means of the poster. 
 The poster contributed to pupils’ insight into the inquiry process. However, 
as they did not internalise the inquiry phases, they would need the visualisation of the 
inquiry process on the poster again to guide their future inquiries. It is expected that 
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after several investigations, pupils would gradually be able to proceed independently to 
each subsequent inquiry phase.
 
Phase 2: Exploration
The goal of this inquiry phase was to explore the theme of the inquiry project and to 
formulate initial questions as a starting point for research questions in the subsequent 
phase of inquiry. To stimulate knowledge acquisition and evoke questions on subthemes, 
each teacher showed videos and provided activities for her pupils, such as a game in 
which key concepts were clarified, and/or a plenary discussion in which these concepts 
were connected to everyday contexts. Subsequently, each teacher introduced the hard 
scaffold “question wall” by reminding pupils of the subthemes of the classroom inquiry 
project and asking them to formulate initial questions about these subthemes. Pupils 
of the four cases engaged with the question wall by formulating and writing down 
questions, and attaching them to one of the subthemes on the question wall, or writing 
them on a piece of paper that distinguished between these subthemes, as is illustrated by 
the following quote of case 1:
 Pupil:  Teacher, I have the question: “Is there also Higgs inside people?” But how 
do I write that down? 
  Teacher:  [To the entire classroom] There are some questions that do not fit one of 
the three categories [the subthemes on the question wall]. But they can 
be very good questions. Research questions. Write them down, but write 
them, for example, in the left corner [of the piece of paper]. 
However, the teachers noticed that the formulated questions would be difficult to 
investigate by pupils. The teacher of case 2 (theme: “the world upside down”) explained 
in the interview after the lesson about the question wall:
  Teacher:    There appeared many questions as: “What if there would be no 
electricity”, “What if there would be no people”, “What if people were not 
able to talk”, and “What if there were no colours”.
To evoke questions that could be investigated by pupils, the teacher of case 1 provided 
additional explanations of difficult concepts related to subthemes within the lesson 
module. The case 2 teacher reminded her pupils of the activities they had conducted 
during the exploration phase and stimulated them to formulate a question related to 
one of these activities. Subsequently, the pupils formulated questions supported by 
their teacher. Together, the pupils and their teacher evaluated whether these questions 
matched the project subthemes and whether they could be investigated by pupils. 
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 The teachers of the four cases hardly used soft scaffolds to refer to the question 
wall in the subsequent phases of inquiry. A possible explanation is that pupils were 
asked to take the questions and reformulate them into research questions to guide their 
investigations. As a result, the question wall was no longer visible as a hard scaffold to 
look back on. 
  In short, the question wall functioned as a useful tool to stimulate the 
formulation of initial questions. After the teachers of the four cases had prepared the 
learning process by introducing the question wall, the pupils engaged with this hard 
scaffold. They were able to formulate initial questions that matched the theme of the 
project, but needed their teachers’ support to formulate and evaluate questions that 
could be investigated within the classroom project. 
Phase 3: Designing the Investigation
In this inquiry phase, pupils were asked to reformulate their initial questions into 
research questions and to design their investigations. To prepare the reformulation of 
questions, the teachers of the four cases explained the criteria of a good research question 
on the hard scaffold “question machine”. They asked their pupils to judge and improve 
example questions to promote understanding of these criteria, as the following quote of 
case 2 illustrates.
  Pupil 1:  Is the question singular?
  Pupil 2:  No?
 Pupil 1:  Yes, it is singular. Is it specific and measurable? You don’t know what that 
means, right?
  Pupil 2:  No.
  Pupil 1:  I don’t know what that means either.
   Teacher:  Ok, specific. Let’s say, you want to know how quickly vegetables decay. 
You can do that, but what is the problem with that question? What do 
you choose? 
  Pupil 1:  Yes, what kind of vegetable.
  Teacher:  What kind of vegetable, exactly. Therefore, it is not specific enough.
  
Subsequently, the four teachers stimulated pupils to engage with the question machine 
and to reformulate their own initial questions. The teachers reminded pupils to use the 
question machine and provided additional explanations of the criteria on the question 
machine. In addition, in case 3, the pupils reminded the teacher of the question machine, 
as is illustrated in the following quote.
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 Pupil:  Can we have the question machine on the digital board, so we can revise 
it [their research question]? 
  Teacher:  It is good that you ask me that. I am going to arrange it for you 
immediately. 
Pupils were able to apply the criteria of the question machine and to formulate and 
evaluate questions as the following quote of case 2 (theme: “the world upside down”) 
illustrates:
 Teacher:  Subject: living without digital media. What is the research question? 
What do you want to know? 
  Pupil:  How difficult it is, whether it is possible to live without it, will you be 
happier. 
  Teacher:  You can write that down here. 
  Pupil:  But [name teacher], then the question will not pass through the question 
machine? Because, it is not a single question. 
  Teacher:  Then it will no longer be singular. Well observed! Then you can limit 
yourself to: is it possible to live without it, or is it difficult. 
  Pupil:  Is it possible. 
  Teacher:  Can six pupils of year 6 live without digital media for five days? Well 
observed [name pupil]. Write that down here.
The example shows that the pupil evaluated the formulated question and concluded that 
it was not a singular question. Although the engagement with the question machine and 
the evaluation of research questions was mostly directed by both the teacher and her 
pupils, the example illustrates that teachers might need additional support in order to 
work with the question machine. This was confirmed by the teachers of cases 1, 2 and 
4. They indicated in the interviews to require a deeper understanding of the formulation 
of research questions. 
 In the four cases, both the pupils and their teachers valued the question machine 
as a useful scaffold to support the formulation of a research question. After the teacher 
had prepared the formulation of questions, most pupils were able to formulate a research 
question and evaluate its quality in collaboration with their teacher. 
Phase 4: Conducting the Investigation
The goal of this phase was to collect data in an organised way, supported by the hard 
scaffold “recording data” (see Table 4.1). Each teacher prepared the data recording by 
introducing the scaffold either to the entire class (cases 1, 2, and 4) or within pupils’ 
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research groups (case 3). The teachers explained that pupils should not mix the results of 
participants or tests when conducting their investigations, as that would cause difficulties 
during data analysis. Subsequently, each teacher prepared the data recording together 
with her pupils by connecting the content on the scaffold to pupils’ own inquiries. For 
example, by drawing a table and asking pupils how to categorise results within the table.
  When collecting data, pupils engaged with the tables they had drawn for this 
purpose. Both teachers and pupils in the four cases regulated this part of the inquiry 
process by reminding (other) pupils to record data. The following quote of case 1 shows 
that a pupil reminded another pupil to write down their data.
 Pupil 1:  There the paper is and I will tell the time. I will shout it to you. Ok, three, 
two, one [the pupil drops a marble from a balcony on the top floor of the 
school]. Ok, you have to write down… do you have the pencil?  
  Pupil 2:  A pen. 
  Pupil 1:  At the big marble [the category “big marbles” on their piece of paper] 
0.94 [seconds]. 
However, classroom observations showed that five groups of pupils did not record 
data orderly, for example, because they recorded measurements, such as 25.7 seconds, 
without referring to a participant or test. In these groups, a soft scaffold by their teacher 
would have reminded pupils to apply the hard scaffold to their data recording. 
  To summarise, the hard scaffold “recording data” was useful to understand how 
to record results. Most groups of pupils in the four cases were able to record their data. 
After introducing the hard scaffold, the four teachers directed the preparation of the 
data recording together with their pupils by connecting the hard scaffold “recording 
data” to pupils’ own inquiries. The pupils were engaged with the collection of data and 
both the teacher and pupils in the four cases regulated the data recording.
Phase 5: Conclusion
In the conclusion phase, pupils were asked to process their results, draw conclusions, and 
evaluate their investigations supported by the hard scaffold “difference between results, 
conclusion and discussion” (see Table 4.1). The teachers of cases 1, 2 and 3 introduced 
the hard scaffold in a plenary discussion, in case 3 followed by group discussions in each 
research group. Subsequently, the teachers stimulated the pupils in these three cases to 
prepare and plan the processing and evaluation of results. For example, by asking how 
pupils would write down and compare their results. The case 4 teacher did not explain 
the scaffold in a plenary meeting, but asked the head of each research group to discuss 
the scaffold with his or her group members. 
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  The teachers of cases 1 and 2 and their pupils engaged with the hard scaffold 
and shared its application to pupils’ investigations as they discussed together how to, 
for example, compose a graph or calculate a mean, as the following quote of case 1 
illustrates.
 Pupil 1:  Can you help us? We have to count the mean of these seconds. 
  Teacher:  Ok, the mean, this is how you do that. You count everything…
  Pupil 2:  Together. We already have started with that. And then divide it by 1, 2, 3 
…5. Right?
  Teacher:  Right, divide it by 1, 2, 3, 5. Yes. And then you have counted the mean.
 
In contrast, the teachers of cases 3 and 4 asked pupils to apply the hard scaffold to 
their own inquiries without additional teacher support. After the processing of results, 
each teacher (except for case 4) repeated the explanation of a conclusion and discussion 
to support pupils to answer their research question and evaluate their investigations. 
Subsequently, both the pupils and their teacher reflected on the results and answered 
pupils’ research questions together. In addition, the teacher and her pupils shared the 
evaluation of pupils’ inquiries.
 Although the teachers of the other cases almost never used soft scaffolds to refer 
to the hard scaffold after its introduction, the teacher of case 1 reminded her pupils 
to write down their opinion about their investigation by referring to the hard scaffold 
“difference between results, conclusion and discussion”. 
  In conclusion, after an introduction of the hard scaffold by the teachers (except 
case 4), pupils engaged with the scaffold and processed their results together with their 
teachers (cases 1 and 2) or on their own (cases 3 and 4). Most pupils were able to answer 
their research question and evaluate their inquiries in collaboration with their teacher 
(case 1, 2 and 3) or on their own (case 4). 
Phase 6: Presentation/Communication
Pupils were asked to communicate their inquiries to an audience, such as their classmates 
and/or parents. The hard scaffold “presenting an inquiry” stimulated pupils to include 
the different steps of their investigation in a research presentation, and to present the 
research clearly. As both the teachers and their pupils of the four cases claimed that pupils 
were already able to present clearly (by speaking articulately, making the presentation 
interesting to watch, etc.), only the part of the scaffold that focused on including the 
different steps of the investigation in pupils’ presentations will be discussed here.
  To prepare pupils for their research presentations, the teachers of cases 1, 2 and 
3 provided a whole-class introduction of the hard scaffold. They explained the elements 
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of pupils’ investigations that were to be included in their presentations, such as the 
research question, hypothesis, and conclusion. In contrast, the case 4 teacher handed 
the scaffold to each group of pupils to read and use themselves. Subsequently, in each 
case, pupils engaged with the hard scaffold and applied its content to their research 
presentations. In the following quote, pupils of case 4 explained to an observer how they 
developed their presentation.
  Pupil:  Designing the investigation. We wanted to do something with boys and 
girls. Who can do it [playing soccer] better. (…) So we thought, let’s focus 
on a soccer movement. 
  Observer:  Yes.
  Pupil:  This one is not that difficult. And the next one, I still have to do. That is 
conducting the investigation. 
  Observer:  So, you are just following those steps on the paper [the hard scaffold 
“presenting an inquiry”]. 
  Pupil:  Yes.
In addition, pupils of cases 1, 2 and 3 were supported by their teacher who added 
elements to the presentation or reformulated phrases to make the presentation more 
comprehensible. Soft scaffolds were used by both teachers and pupils during this inquiry 
phase to remind (other) pupils to use the hard scaffold, and to provide additional 
explanations when necessary. The teachers of the four cases valued the scaffold as it enabled 
pupils to independently criticise and improve their own presentations. In addition, it 
supported each teacher to evaluate (the development of ) pupils’ presentations.
 In short, the scaffold “presenting an inquiry” supported pupils to compose a 
research presentation in which important elements of their investigations were included. 
After the teachers of cases 1, 2 and 3 had prepared the learning process by introducing the 
hard scaffold, both the teachers and their pupils guided the development and evaluation 
of the research presentations by applying the hard scaffold to pupils’ investigations. In 
case 4, the pupils directed their own inquiry process by applying the hard scaffold to 
their presentations. 
Phase 7: Elaboration (deepening/broadening phase)
The goal of the elaboration phase was to broaden and deepen pupils’ knowledge. For 
example, by clarifying challenging parts of the inquiry process. The teachers of cases 1 
and 4 chose to end the inquiry project at the presentation phase as they needed to address 
other subjects in the curriculum. Although the teachers of cases 2 and 3 mentioned the 
duration of the lesson module as a disadvantage, they included a visit to the university 
to enable communication between pupils and real scientists. As the teachers did not use 
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hard and soft scaffolds in this inquiry phase, the influence of the scaffolds on pupils’ 
scientific knowledge and their self-directed learning cannot be determined.
General Opinions on the Inquiry Module
After finishing the inquiry projects, the four teachers and 16 groups of pupils (about 
half of the pupils in each case) were interviewed about their general opinions on the 
lesson modules. In 14 groups, pupils were predominantly enthusiastic about their lesson 
module, while in two groups pupils had mixed opinions. Some elements of the lesson 
module were perceived to be difficult (mentioned in five groups), such as planning and 
drawing a conclusion. Other elements were not that interesting (mentioned in four 
groups), such as writing and working on the computer. Six groups specifically perceived 
the hard scaffolds to be useful to guide their investigations. In seven groups, pupils 
explained that the lesson module was instructive, as they had learned to investigate, 
work together, and improve their understanding of the theme of the lesson module.  
  Pupils in eight groups mentioned they appreciated the amount of self-directed 
learning during the inquiry project as they claimed to be capable of guiding their own 
inquiries. According to these pupils, they only needed their teacher to explain difficult 
topics and to provide examples, tips and advice when necessary. Two groups had 
preferred extra explanations during their inquiries. The remaining six groups mentioned 
that they valued the teacher guidance because the teacher explained the inquiry project 
well. She answered questions directly, provided tips, and guided pupils to answer their 
own questions.
  In the interviews, the teachers explained that pupils were motivated to work 
on their investigations (cases 1, 3, and 4), learned practical skills (case 1), learned to 
ask questions and to conduct an investigation to answer their questions (case 2), and 
guided their own learning while being responsible for their investigations (cases 3 
and 4). However, the case 4 teacher mentioned it was difficult to determine pupils’ 
achievements. 
  The teachers of cases 1, 2, and 4 perceived their pupil guidance to be rather 
superficial, because they had to divide their attention between many groups. In contrast, 
the case 3 teacher explained she was able to provide comprehensive guidance by regularly 
asking each group of pupils to discuss their investigation with her. In this way, she could 
provide support and keep an overview of the pupils’ investigations. 
  The scaffolding approach enabled the teachers to promote pupils’ self-directed 
learning. The teachers explained that they facilitated self-directed learning by not 
answering pupils’ questions directly. Instead, they addressed a relevant context (case 1), 
asked questions in return (case 3), and talked about pupils’ own ideas for investigations 
(case 4). The case 2 teacher emphasised the difficulty of determining the amount of 
teacher guidance to facilitate pupils’ self-directed learning. When pupils made a choice 
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that was not ideal, but could be a learning experience, she tried to limit her support. The 
attention to self-directed learning in the interviews was confirmed by the audio material. 
However, the audio material also included conversations in which the teachers answered 
pupils’ questions without promoting their self-directed learning. 
 The teachers perceived the hard scaffolds as clear and very useful to clarify and 
discuss the inquiry process with pupils. According to the teachers, the soft scaffolds 
provided opportunities to refer to hard scaffolds when pupils designed and conducted 
their investigations. However, the case 4 teacher stressed the importance of adding 
pictures and exercises to hard scaffolds that consisted mostly of textual information (the 
scaffolds in phases 4 and 5). In addition, the teachers of cases 1 and 2 suggested to use 
activating sentences, such as “Our hypothesis is…”, instead of providing information 
about what a hypothesis is without activating pupils. 
4.4 Discussion and implications
In this study, we investigated how teacher implementation of hard and soft scaffolds 
contributed to pupils’ understanding of the inquiry process and their self-directed 
learning during open inquiry in primary schools. In all four lesson modules, two 
on science topics and two on a philosophical theme, the teacher was able to provide 
activities and explanations that engaged pupils in formulating and answering research 
questions during their own inquiries. The implementation of the hard and soft scaffolds 
resulted in a shared guidance of the inquiry process by the teacher and her pupils. After 
the teachers in the four cases had prepared the inquiry process by introducing each hard 
scaffold, the pupils engaged with the scaffolds by applying them to their own inquiries, 
and designed, conducted and evaluated their own investigations. The teachers used the 
hard scaffolds to provide explanations and to reflect on pupils’ inquiries. However, in 
addition to referring to hard scaffolds, the teachers answered pupils’ questions without 
promoting their self-directed learning. These findings are in line with the study of Zion 
et al. (2007) in which teachers participated in workshops about open inquiry, but 
were observed to use structured and guided inquiry within their lessons as well. It was 
suggested that additional professional development was needed. Similarly, in our study, 
the lack of experience with open inquiry and implementation of hard and soft scaffolds 
could have contributed to each teachers’ decision to not always refer to hard scaffolds, 
but directly answer pupils’ questions instead.
 The implementation of six hard scaffolds and two soft scaffolds contributed to 
pupils’ understanding of the conceptual, epistemic, social, and procedural domain of 
scientific knowledge within the different phases of inquiry. Pupils used the scaffold “poster 
with inquiry phases” to understand the process of open inquiry (epistemic domain) and 
the scaffold “question wall” to formulate initial questions related to the project theme 
(conceptual domain). They formulated and evaluated research questions by means of the 
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scaffold “question machine” (procedural domain). Subsequently, they used the scaffolds 
“recording data” and “difference between results, conclusion, and discussion” to organise 
their data (procedural domain) and process results, draw conclusions, and evaluate their 
investigations (procedural and epistemic domain). Finally, they composed and gave 
a clear research presentation (social domain) in which they included the elements of 
scientific inquiry on the scaffold “presenting an inquiry”. These findings resemble results 
of other studies in which scaffolds contributed to pupils’ understanding of (domains 
of ) scientific knowledge and the application of this knowledge to their own inquiries 
(e.g., Sandoval & Reiser, 2004; Saye & Brush, 2002; Simons & Klein, 2007). The study 
of Simons and Klein, for example, showed that pupil achievement in problem-based 
projects increased when they were obliged or could choose to use scaffolds compared to 
when no scaffolds were provided. 
 The hard scaffolds “question machine” and “presenting an inquiry” were 
specifically valued by the teachers and their pupils. These scaffolds activated pupils to 
improve their research questions and presentations, whereas translating scaffolds with 
a high information load to pupils’ inquiries was not self-evident. In addition, hard 
scaffolds that activated pupils were combined more often with soft scaffolding by both 
the teacher and the pupils than hard scaffolds that informed pupils about elements of an 
inquiry. Since the teachers in the current study had little experience with inquiry-based 
learning, it might have been easier and less time consuming to support pupils by directly 
providing answers instead of referring to informative scaffolds that needed additional 
translation to pupils’ investigations. Moreover, soft scaffolding is not easy to implement 
by teachers. In the study of Saye and Brush (2002), for example, a teacher continued 
to have difficulty providing soft scaffolds after guiding and evaluating a problem-based 
lesson module that included hard and soft scaffolds. Another study illustrated that even 
after extensive training, providing soft scaffolds was challenging for teachers (Van de Pol 
et al., 2014). 
  In our previous study, we developed a pedagogical framework in which phases 
of inquiry were combined with specific domains of scientific knowledge to facilitate 
teacher guidance of open inquiry (Van Uum et al., 2016). Since the framework provided 
guidelines but lacked materials that teachers could use in their classrooms, the current 
study focused on developing hard and soft scaffolds. The key finding of this study 
is that pupils’ scientific knowledge and skills to direct their own inquiry process can 
be promoted by implementing activating hard scaffolds and additional soft scaffolds 
during open inquiry. In a subsequent study, we will use these insights to develop a 
professionalisation programme. We will investigate whether this programme improves 
teachers’ knowledge of and attitude towards inquiry-based learning. By professionalising 
teachers thoroughly, we expect them to implement hard and soft scaffolds to contribute 
to pupils’ self-directed learning and understanding of the inquiry process. 
Chapter 4
92
4.5 References
Boekaerts, M., & Simons, P. R.-J. (1995). Leren en instructie. Psychologie van de leerling 
en het leerproces. [Learning and instruction. Psychology of the student and the 
learning process]. Assen: Van Gorcum.
Bolte, C., & Rauch, F. (Eds.) (2014). Enhancing inquiry-based science education and 
teachers’ continuous professional development in Europe: Insights and reflections on 
the PROFILES project and other projects funded by the European Commission. 
Berlin: Freie Universität Berlin.
Duschl, R. A. (2008). Science education in three-part harmony: Balancing conceptual, 
epistemic, and social learning goals. Review of Research in Education, 32(1), 268 
– 291.
Furtak, E. M., Seidel, T., Iverson, H., & Briggs, D. C. (2012). Experimental and quasi-
experimental studies of inquiry-based science teaching: A meta-analysis. Review 
of Educational Research, 82(3), 300 – 329.
Lajoie, S. P. (2005). Extending the scaffolding metaphor. Instructional Science, 33, 541 
– 557. 
Lazonder, A. W., & Harmsen, R. (2016). Meta-analysis of inquiry-based learning: 
Effects of guidance. Review of Educational Research, 86(3), 681 – 718.
Maaß, K., Reitz-Koncebovski, K., & Billy, G. (Eds.) (2013). Inquiry-based learning in 
maths and science classes. Freiburg: Pädagogische Hochschule Freiburg.
National Research Council. (2000). Inquiry and the National Science Education Standards. 
A guide for teaching and learning. Washington, DC: National Academy Press.
Sandoval, W. A., & Reiser, B. J. (2004). Explanation-driven inquiry: Integrating 
conceptual and epistemic scaffolds for scientific inquiry. Science Education, 
88(3), 345 – 372.
Saye, J. W., & Brush, T. (2002). Scaffolding critical reasoning about history and social 
issues in multimedia-supported learning environments. Educational Technology 
Research and Development, 50(3), 77 – 96.
Shuell, T. J. (1988). The role of the student in learning from instruction. Contemporary 
Educational Psychology, 13, 276 – 295.
Simons, K. D., & Klein, J. D. (2007). The impact of scaffolding and student achievement 
levels in a problem-based learning environment. Instructional Science, 35, 41 – 
72.
Smit, J., Eerde, H. A. A., & Bakker, A. (2013). A conceptualisation of whole-class 
scaffolding. British Educational Research Journal, 39(5), 817 – 834. 
Van de Pol, J., Volman, M., Oort, F., & Beishuizen, J. (2014). Teacher scaffolding in 
small-group work: An intervention study. Journal of the Learning Sciences, 23(4), 
600 – 650.
Inquiry-based science education: Scaffolding pupils’ self-directed learning in open inquiry
93
C
ha
pt
er
 4
Van Graft, M., & Kemmers, P. (2007). Onderzoekend en ontwerpend leren bij natuur en 
techniek. Basisdocument over de didactiek voor onderzoekend en ontwerpend leren 
in het primair onderwijs. [Inquiry- and design-based learning in science and 
technology. Central document about the didactics of inquiry- and design-based 
learning in primary education]. Den Haag: Stichting Platform Bèta Techniek.
Van Uum, M. S. J., Verhoeff, R. P., & Peeters, M. (2016). Inquiry-based science 
education: Towards a pedagogical framework for primary school teachers. 
International Journal of Science Education, 38(3), 450 – 469.
Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. 
Cambridge, Massachusetts: Harvard University Press. 
Wood, D., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving. 
Journal of Child Psychology and Psychiatry, 17(2), 89 – 100.
Yoon, H.-G., Joung, Y. J., & Kim, M. (2012). The challenges of science inquiry teaching 
for pre-service teachers in elementary classrooms: Difficulties on and under the 
scene. Research in Science Education, 42(3), 589 – 608.
Zion, M., Cohen, S., & Amir, R. (2007). The spectrum of dynamic inquiry teaching 
practices. Research in Science Education, 37(4), 423 – 447.
Chapter 4
94
4.6 Appendix C
Content of and Teacher Guidance in Each Classroom Inquiry Project
Case 1: Higgs. The teacher introduced the project by showing a video about the 
determination of the Higgs particle in the particle accelerator at CERN, the European 
Laboratory for Particle Physics. Pupils observed that particles can be investigated by 
acceleration and collisions. Subsequently, the teacher explored the topic of Higgs 
with her pupils in different activities. For example, she enabled pupils to understand 
how Higgs provides weight to particles by organising an activity in which one pupil 
(a heavier particle) needed to collect more autographs of the remaining pupils in the 
classroom (the Higgs field) than another pupil (a lighter particle). The heavier particle 
gained more mass while it was slowed down by the Higgs field than the lighter particle. 
Furthermore, the teacher explained that the Higgs field was invisible. Therefore, in 
addition to acceleration and collisions, weight and invisibility were possible topics for 
investigation. Subsequently, the teacher supported the formulation of research questions 
by pupils, such as: “What falls faster, a marble or a tennis ball?” The teacher enabled 
her pupils to conduct their research, to draw conclusions and to compose a research 
presentation. Finally, her pupils presented their research to other classmates and to their 
parents. 
Case 2: The world upside down. To introduce the project, the teacher enabled her pupils 
to colour pieces of an art work to show that both the individual pieces and the total 
work can be observed and appreciated. Subsequently, the teacher invited a researcher 
to the school to discuss philosophical questions. Furthermore, the teacher explored 
the topic with her pupils by dividing them into groups that spoke different languages 
and had their own goals, but needed to trade with the other group. In addition, she 
provided activities, such as discussing the discipline that adults experienced in their 
education compared to the discipline in current classrooms. Her pupils formulated 
research questions, such as: “Are adults or children more willing to donate an amount 
of money to a charity?” After designing and conducting the investigations, pupils drew 
conclusions and presented their research to their classmates. A university visit enabled 
them to explain their investigations by means of PowerPoint presentations and research 
posters to an audience of researchers.
Case 3: The world upside down. The introduction of the project, the visit of a philosopher, 
and a group activity concerning trading with people from different cultural backgrounds, 
were guided by both the teachers of case 2 and 3 together. To further explore the topic 
with her pupils, the teacher of case 3 focused on differences in viewpoints. In one of her 
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activities, pupils were instructed to construct a hat as fast as possible. Half of the pupils 
received materials inside a big bag and the other half received the bag apart from the 
materials. The pupils observed that their classmates in the second group became aware 
of the possibility to use the entire bag as a hat more often than in the first group due to 
a difference in viewpoint. An example of a research question formulated by pupils in 
case 3 is: “Do foreign people think differently about certain topics than Dutch people?” 
The final part of the project, from conducting the investigations onwards, is the same 
as in case 2.
 
Case 4: Networks in the brain. The upper primary school teachers of the school of case 
4 all guided an IBSE project in their classrooms. They introduced the topic together by 
performing a play about manipulating different parts of the brain during brain surgery 
and showing effects of these manipulations on movements of the body. Furthermore, they 
presented games in which pupils used different parts of their brains and became aware 
of brain functions. After the introduction of the project, the teacher of case 4 enabled 
her pupils to explore the topic by means of watching videos about the working of the 
brain, and discussing brain areas with different functions. Furthermore, she provided 
hands-on activities regarding optical illusions to show that the brain can be tricked. An 
example of a research question of pupils is: “Can you remember things better when you 
read them or when you hear them?” After the formulation of the research questions, 
pupils designed and conducted their investigations and drew conclusions. Finally, they 
presented their research to their classmates and parents.
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Abstract 
This chapter reports a pretest-posttest study about the impact of a teacher professional 
development (TPD) programme on primary school teachers’ knowledge of and attitude 
towards inquiry-based learning. A pedagogical framework of inquiry phases and 
domains of scientific knowledge combined with hard and soft scaffolds formed the basis 
for the TPD programme. A total of 59 teachers were divided between the experimental 
group, which participated in the TPD programme, and a control group. We measured 
the teachers’ subject matter knowledge (SMK) of the conceptual, epistemic, social, 
and procedural domain before and after the TPD programme by means of different 
questionnaires. In addition, we measured their knowledge of how to support their pupils 
during the inquiry process (PCK) and their attitude towards inquiry-based learning. The 
results show that our TPD programme improved teachers’ conceptual and social SMK, 
PCK, and attitude. Our study implicates that scaffolding different domains of scientific 
knowledge during the inquiry cycle is a valuable component of TPD in inquiry-based 
learning.
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5.1 Introduction
In the past decades, there has been growing attention to inquiry-based science education 
(IBSE; Minner, Levy, & Century, 2010). IBSE improves scientific knowledge and 
attitudes of pupils, and motivates them as they enjoy active learning (Braund & Driver, 
2005; Gibson & Chase, 2002; Murphy & Beggs, 2003; Schroeder, Scott, Tolson, 
Huang, & Lee, 2007). Instead of top-down instruction, open IBSE can be viewed as a 
bottom-up approach, in which pupils formulate their own research question and design 
and conduct an investigation to answer the question (Windschitl, 2003). This does not 
imply that teachers only observe their pupils. On the contrary, they have an important 
role in facilitating inquiry-based learning and scaffolding the knowledge and skills of 
their pupils (Van Uum, Verhoeff, & Peeters, 2016; 2017). Unfortunately, teachers are 
often unfamiliar with this way of teaching and learning, as they lack confidence in 
their own scientific knowledge and ability to teach science (Harlen & Holroyd, 1997; 
Murphy, Neil, & Beggs, 2007). In addition, they experience difficulties in guiding their 
pupils during the inquiry process (Yoon, Joung, & Kim, 2012; Zion, Cohen, & Amir, 
2007). 
  Primary schools in the Netherlands are obliged to include IBSE in the 
curriculum in 2020 (Techniekpact, 2013). As teachers experience difficulties guiding the 
inquiry process, we decided to develop a professionalisation programme for them. This 
chapter describes a pretest-posttest control group study about the effects of the teacher 
professional development (TPD) programme focused on a pedagogical framework 
of inquiry phases and domains of scientific knowledge combined with scaffolds. We 
addressed primary school teachers’ scientific content knowledge, pedagogical knowledge 
of and attitude towards inquiry-based learning. The paragraphs hereafter clarify our 
view on inquiry-based learning and elaborate the pedagogical framework and scaffolds 
that formed the basis for our TPD programme. 
 In a previous study, we developed a pedagogical framework for teachers to 
support the inquiry process of their pupils (Van Uum et al., 2016). The framework 
includes the seven phases of inquiry of Van Graft and Kemmers (2007): 1) introducing, 
and 2) exploring the theme of inquiry, 3) designing, and 4) conducting an investigation, 
5) drawing a conclusion, 6) presenting the investigation, and 7) deepening/broadening 
of understanding (e.g., thinking about the implications of the results for society). In 
addition, based on research about science learning, science education, and the nature 
of science (Duschl, 2008); scientific literacy (Durant, 1993); and inquiry-based science 
teaching (Furtak, Seidel, Iverson, & Briggs, 2012), we distinguished four important 
domains of scientific knowledge to address during inquiry-based learning: the 
conceptual, epistemic, social, and procedural domain. The conceptual domain refers to 
concepts, such as gravity and electricity. Understanding the nature of science and the 
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way scientific knowledge is generated, is part of the epistemic domain. Asking questions 
and drawing conclusions are considered procedures. Finally, the social domain indicates 
collaboration within a research project and communication about the research with 
scientists and the general public (Duschl, 2008; Furtak et al., 2012).
  As it was unclear how to combine the different phases of inquiry and domains 
of scientific knowledge to support pupils’ inquiry process, we investigated on which 
domains of scientific knowledge teachers can focus to optimally guide their pupils’ 
investigations. We found, for example, that addressing the procedural domain in the 
phase of conducting the investigation, supported pupils’ data collection, and that 
addressing the social domain in the presentation phase of inquiry, facilitated their research 
presentations. These important combinations of domains of scientific knowledge and 
phases of inquiry formed the basis for our pedagogical framework (Van Uum et al., 
2016). 
 Although the framework provided guidelines for teachers to address specific 
domains of scientific knowledge in each phase of inquiry, it lacked tools or materials 
to implement these interventions consistently. As research suggests that teaching 
materials can contribute to teachers’ understanding and implementation of an open 
inquiry process (Van der Valk & Jong, 2009), we decided to use these to support the 
implementation of our pedagogical framework. In correspondence with the research of 
Saye and Brush (2002), we developed hard scaffolds (concrete aids, prepared in advance) 
and soft scaffolds (teacher support, provided after pupils’ questions or after observing 
their difficulties to proceed with their investigation) in a subsequent study (Van Uum 
et al., 2017). An example of a hard scaffold is the “question machine” that supports 
the formulation of research questions by presenting different criteria that pupils use to 
judge and improve their research questions. A soft scaffold, for example, is referring to 
a hard scaffold with which pupils can solve their own problems. In the current study, 
the pedagogical framework and scaffolds were used to improve teachers’ knowledge and 
attitude towards inquiry-based learning. 
 This chapter reports a pretest-posttest study in which we investigated whether 
and to what extent the TPD programme based on inquiry phases and domains of 
scientific knowledge (Van Uum et al., 2016) combined with hard and soft scaffolds (Van 
Uum et al., 2017) contributed to primary school teachers’ knowledge of and attitudes 
towards IBSE. Prior to presenting our method and results, we will clarify the theoretical 
framework and design of the programme. 
Theoretical Framework
As teachers experience deficits in their own content knowledge, and their ability and 
confidence to guide inquiry-based learning (Harlen & Holroyd, 1997; Murphy, Neil 
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et al., 2007; Yoon et al., 2012; Zion et al., 2007), we focused on increasing teachers’ 
subject matter knowledge (SMK), their pedagogical content knowledge (PCK), and 
their attitude towards (teaching) the content (Rohaan, Taconis, & Jochems, 2010). 
In the following paragraphs, the teacher knowledge components and attitude will be 
explained and linked to the domains of scientific knowledge and phases of inquiry 
combined with scaffolds that we used as a base for our TPD programme.
  SMK includes knowledge regarding the content that teachers want to address, 
such as the concepts of electricity or temperature, their perception of this content, and 
their procedural knowledge (Rohaan et al., 2010). In the current study, we divided SMK 
into four domains of scientific knowledge that we used in our pedagogical framework 
(Van Uum et al., 2016). In the SMK of the conceptual domain, we elaborated the 
relations between the concepts of “perception and action”. We chose these concepts, 
because they were part of a successful inquiry-based lesson module developed by Science 
Education Hub Radboud University (Peeters, Meijer, & Verhoeff, 2014). The epistemic 
SMK refers to an understanding of the nature of science (NOS; National Research 
Council, 1996; National Science Teachers Association, 2000). We selected three 
components: the tentative nature of scientific knowledge, the need for creativity, and the 
difference between observations and inferences when generating scientific knowledge 
(Khishfe & Abd-El-Khalick, 2002). In the SMK of the procedural domain, we included 
scientific procedures, such as formulating a research question and drawing a conclusion 
(Peeters et al., 2014; Zion et al., 2007). Finally, elements of collaboration (Johnson 
& Johnson, 2009; Schroeder et al., 2007) and effective communication (Elizabeth, 
Ross Anderson, Snow, & Selman, 2012; Mercer, Dawes, Wegerif, & Sams, 2004) were 
included in the social SMK. To elaborate understanding of research presentations, we 
combined the phases of inquiry of Van Graft and Kemmers (2007) with general content 
of research articles, such as an introduction and a discussion (Alexandrov & Hennerici, 
2013).
  PCK refers to the interaction of content knowledge and knowledge about 
ways of teaching (Shulman, 1987; Van Driel, Verloop, & De Vos, 1998). It includes 
knowledge of teaching goals, pupils’ misunderstandings, and elaboration of pupils’ 
understanding (Rohaan et al., 2010) regarding concepts, such as “perception and 
action”. Several studies suggest that pupils’ difficulties within the inquiry process can be 
overcome by scaffolding their conceptual knowledge and understanding of the inquiry 
process (Saye & Brush, 2002; Simons & Klein, 2007; Van Uum et al., 2017; Zion et al., 
2007). Therefore, we included scaffolding as an important teaching strategy in teachers’ 
PCK. TPD can positively influence teachers’ implementation of soft scaffolds (Van de 
Pol, Volman, Oort, & Beishuizen, 2014). The current study contributes to these results 
by addressing the implementation of both hard and soft scaffolds to improve teachers’ 
understandings of: learning goals for each phase of inquiry; pupils’ (mis)conceptions 
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and difficulties with the domains of scientific knowledge; and ways to elaborate pupils’ 
understandings. 
  In addition to SMK and PCK, a positive teacher attitude towards IBSE should be 
stimulated to increase the amount of inquiry-based science in primary school classrooms 
(Harlen & Holroyd, 1997). TPD can improve attitude towards science by explicitly 
focusing on different components of attitude combined with inquiry-based learning 
(Van Aalderen-Smeets & Walma van der Molen, 2015). In our TPD programme, 
we divided attitude into an affective, cognitive, and perceived control component to 
address the joy, importance of, and confidence in teaching IBSE (Van Aalderen-Smeets 
& Walma van der Molen, 2013). According to Van Aalderen-Smeets and Walma van 
der Molen, these components influence teachers’ intention to change their behaviour. 
Therefore, we included “intentional behaviour” as a result of changes in attitudes. We 
expected that understanding the hard scaffolds would contribute to their SMK, and 
that implementing the hard and soft scaffolds would improve their PCK and attitude 
towards IBSE.
Design of the TPD Programme
To improve teachers’ SMK, PCK, and attitude regarding inquiry-based learning, our 
programme included six components that have been reported to be essential for TPD: 
1) focus, 2) active and inquiry-based learning, 3) collaborative learning, 4) duration 
and sustainability, 5) coherence, and 6) school organisational conditions (Van Driel, 
Meirink, Van Veen, & Zwart, 2012). The component “focus” addresses the subject 
matter knowledge, pedagogical content knowledge, and attitude of the teachers. In 
addition to a specific focus, it is important to include active and inquiry-based learning 
with authentic elements, such as analysing and evaluating pupils’ products from 
classroom practice. Collaborative learning addresses the exchange of ideas and activities 
to be used in classroom practice. Although duration and sustainability of professional 
development programmes are crucial, the ideal duration of an intervention is difficult to 
determine (Van Driel et al., 2012). Coherence refers to the importance of consistency 
within a TPD programme, the connection with classroom practice and with school 
policies within a region or country. Finally, school organisational conditions influencing 
the implementation of IBSE inside schools (Van Driel et al., 2012) are, for example, 
availability of time and resources, and acknowledgement of the importance of the 
innovation by all the teachers involved (Ely, 1990; Fullan, 2007). In Table 5.1, the 
components described in the study of Van Driel et al. are connected to specific activities 
in our TPD programme. 
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Table 5.1: Overview of important components of the TPD programme.
Component Activities
Focus - Discussing the phases of inquiry combined with domains of scientific knowledge in 
each course meeting and doing exercises and activities to improve understanding of 
the scaffolds connected to these phases and domains.
Active inquiry-
based learning
- Watching and analysing videos and pupils’ products (theory and classroom 
practice).
- Reading and reflecting on a book chapter about inquiry-based learning and 
perception and action.
- Doing exercises that can be transferred to participants’ own classrooms.
- Guiding an IBSE project in participants’ own classrooms.
Collaborative 
learning
- Developing lesson plans and evaluating classroom experiences with other 
participants. 
- Exchanging opinions and reflections in group assignments during course meetings. 
- Providing and receiving feedback on their inquiry-based lesson module, exchanging 
ideas and experiences, and asking and answering each other’s questions via an online 
platform.
Duration and 
sustainability
- Participating in five course meetings (about 12,5h).
- Doing homework assignments after each meeting and preparing lessons (about 
25h).
- Implementing 10 - 12 lessons in participants’ own classrooms (about 7,5 – 15h).
- Possibility to participate in follow-up professionalisation via the Winterschool of 
Science Education Hub Radboud University.
Coherence - Discussing and doing exercises in each course meeting to understand the 
pedagogical framework and scaffolds, and implementing these activities and 
scaffolds in participants’ own classrooms after each course meeting.
- Evaluating classroom experiences in each subsequent meeting.
- Discussing the agreement between the government, educational institutes and 
companies in the Netherlands to address IBSE in all primary schools by the year 
2020 (Techniekpact, 2013).
School 
organisational 
conditions
- Discussing school organisational conditions that influence the implementation 
of inquiry-based learning, such as availability of time and resources, and 
acknowledgement of the importance of the innovation by all the teachers included 
(Ely, 1990; Fullan, 2007).
- Exchanging ideas about how to stimulate inquiry-based learning and to promote a 
positive attitude of the teachers in participants’ own schools.
As the component “focus” addressed the core of our TPD programme, it will be 
elaborated here. The focus included increasing the SMK, PCK and attitude of primary 
school teachers towards IBSE by means of a pedagogical framework of inquiry phases 
and domains of scientific knowledge combined with scaffolds (see Table 5.2). These 
were developed in previous studies (Van Uum et al., 2016; 2017) to improve pupils’ 
understanding of and ability to proceed with an inquiry process, and were used in 
the current study to improve teachers’ knowledge and attitude towards inquiry-based 
learning.
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In each course meeting of the TPD programme, we addressed one or more phases of 
inquiry combined with domains of scientific knowledge and corresponding scaffolds. 
In meeting 1, we explained the general structure of the framework. Subsequently, we 
focused on the first inquiry phase “introduction” combined with hard scaffolds about 
the epistemic domain of scientific knowledge. In meeting 2, we explained the second 
inquiry phase “exploration” and scaffolds related to the conceptual domain of scientific 
knowledge. Epistemic, social, and procedural scaffolds were addressed in the third meeting 
combined with the inquiry phase “designing the investigation”. In the fourth meeting, 
we paid attention to the inquiry phases “conducting the investigation” and “conclusion” 
combined with procedural and epistemic scaffolds. Finally, in the fifth meeting a social 
scaffold was used in the “presentation” phase of inquiry and the “deepening/broadening” 
phase was explained. In Appendix D, the content of each course meeting is described. 
  Social constructivist and situated learning principles were used to construct 
learning activities for the participants of our course (Aydeniz & Brown, 2010). In 
accordance with social constructivism, participants of the TPD programme retrieved 
prior knowledge and constructed new knowledge in a social context (Bransford, Brown, 
& Cocking, 1999). They, for example, discussed their views with others and connected 
hands-on with minds-on activities (Bleicher & Lindgren, 2005) related to the hard 
scaffolds. Situated learning was applied to achieve a meaningful context (Aydeniz & 
Brown, 2010) by combining course meetings with implementing the hard and soft 
scaffolds in participants’ own classrooms. In Table 5.3, the general structure of each 
course meeting is described including the focus on SMK, PCK, and/or attitude for each 
learning goal and learning activity.
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Table 5.3: General structure of each course meeting of the TPD programme.
Learning goals Learning activities Focus
Understanding the general structure of 
the pedagogical framework combined 
with scaffolds. 
Listening to an explanation about the framework 
(course meeting 1). Retrieving knowledge by 
asking and answering questions about it (course 
meetings 2 – 5).
SMK
PCK
Understanding the content of 
each inquiry phase combined with 
domains of scientific knowledge and 
corresponding hard and soft scaffolds. 
Watching a classroom video about each inquiry 
phase. 
PCK 
Attitude
Discussing the content on the hard scaffold(s) 
(Van Uum et al., 2017). Watching videos 
and making exercises that are part of the hard 
scaffold(s).
SMK
Taking part in activities that participants can use 
in their own classrooms, such as the introduction 
activity “balancing a tray with drinks while 
running a trail” (see Appendix D), to improve 
understanding of a domain of scientific knowledge 
and/or a phase of inquiry, and to experience and 
enjoy inquiry-based learning hands-on.
SMK
PCK 
Attitude
Determining learning goals for pupils in each 
inquiry phase, addressing pupils’ (mis)conceptions 
related to the domain of scientific knowledge 
that the scaffold focused on and discussing the 
implementation of each hard scaffold in classroom 
practice. Practising soft scaffolding in course 
meetings 4 and 5.
PCK
Understanding how to prepare one 
or more lessons for the inquiry-based 
lesson module.
Using the content of each course meeting to 
compose a lesson plan in pairs and finishing it as a 
homework assignment.
PCK
Being able and confident to guide the 
inquiry phase(s) that is(are) centralised 
in the specific course meeting in 
teachers’ own classrooms and enjoying 
pupils’ excitement to design and 
conduct their own inquiries.
Guiding the specific phase(s) of inquiry including 
the use of scaffolds in teachers’ own classrooms 
and experiencing the reaction of the pupils.
PCK 
Attitude
Being able to reflect on their acquired 
knowledge and improved attitude.
Filling in a reflection form each time participants 
guided an inquiry-based lesson in their own 
classrooms. Describing whether and how the TPD 
programme contributed to their knowledge and 
attitude in order to teach each lesson.
SMK
PCK
Attitude
Understanding how to improve the 
implementation of the inquiry-based 
lesson module in teachers’ own 
classrooms.
Exchanging and evaluating classroom experiences, 
giving suggestions for each other’s lessons, and 
developing ideas for subsequent lessons of the 
lesson module (course meeting 2 - 5).
PCK
Being prepared for the subsequent 
course meeting. 
Doing homework assignments, such as reading an 
article about inquiry-based learning or watching 
classroom videos.
SMK
PCK 
Attitude
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5.2 Method
Participants
To inform potential participants about our TPD programme, we described the 
programme in the newsletter of Science Education Hub Radboud University. In 
addition, a letter was sent to schools in the region of the Science Education Hub and 
each school was phoned to provide further information. We asked the principal of each 
school whether there were teachers in his or her school that had little experience with 
IBSE and were interested in participating in our TPD programme. All teachers who 
subscribed to our TPD programme were included and had a maximum experience of 
guiding one inquiry-based lesson in their own classrooms. This resulted in the enrolment 
of 59 teachers from 25 different schools.
  Since the TPD programme focused on teaching upper primary school pupils, 
we asked participants to describe the amount of experience they had with teaching these 
pupils, in addition to their total amount of teaching experience. Furthermore, we asked 
them about the pedagogy they used to teach their pupils: traditional and focused on the 
whole class, or innovatory, such as Jenaplan and Dalton in which pupils work together 
in small groups or independently with responsibility for their own learning. Finally, 
we asked participants whether they taught pupils with high performance scores in a 
separate classroom, because these groups of pupils are usually smaller than the average 
classroom of pupils. The information regarding the different variables was used to match 
participants and form two equal groups: an experimental group (30 teachers) and a 
control group (29 teachers). 
  The experimental group consisted of 25 women and 5 men. Their average age 
was 46 (SD = 11.18). The control group consisted of 20 women and 9 men with an 
average age of 42 years and 6 months (SD = 9.96). In Table 5.4, the relevant data of each 
group are presented.
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Table 5.4: Characteristics of the experimental and control group.
Variable Category Experimental 
group*
(n = 30)
Control 
group*
(n = 29)
Gender Woman
Man   
83.3
16.7
69.0
31.0
Age < 30
30 – 55
> 55   
16.7
60.0
23.3
17.2
75.9
6.9
Highest level of 
education combined with 
experience with research
Bachelor’s degree, no research experience
Bachelor’s degree, research experience
Master’s degree, higher vocational education
Master’s degree, university   
53.3
33.3
10.0
3.3
41.4
34.5
17.2
6.9
School didactics Traditional
Innovatory, such as Dalton, Montessori, etc.   
60.0
40.0
69.0
31.0
Teaching talented pupils 
with high performance in 
a separate classroom   
Yes, teaching this class
No, not teaching this class
13.3
86.7
  6.9
93.1
Years of teaching 
experience   
0 – 5 years
More than 5 years
13.3
86.7
24.1
75.9
Years of experience 
teaching upper primary 
school pupils    
0 – 5 years
More than 5 years
33.3
66.7
48.3
51.7
*Note. The percentages of the group characteristics are provided.
The experimental and control group were comparable on: gender, χ²(1) = 1.68, 
p = .233, school didactics, χ²(1) = .52, p = .589, years of teaching experience, 
χ²(1) = 1.14, p = .333, and years of experience teaching upper primary school pupils, 
χ²(1) = 1.36, p = .295. Since 50% of the cells of the following three variables were less 
than 5, we used Fisher’s exact test to determine whether these variables were comparable 
between the experimental and control group: age (p = .237), amount of education 
combined with research experience (p = .693), and teaching talented pupils (p = .671).
Research Design and Procedure
To measure the effects of the TPD programme on teachers’ knowledge and attitude, 
we used a pretest-posttest control group design. During four months, the experimental 
group took part in the TPD programme. The control group did not receive any training 
within that time period, since they would participate in the TPD programme after 
the current study had been conducted. In the months directly before and after the 
professionalisation of the experimental group, both the experimental and control group 
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filled in an online questionnaire in which measurement instruments about SMK, PCK, 
and attitude towards IBSE were included. These instruments will be described hereafter. 
In the results section of this chapter, we will explain that the teachers in the experimental 
and control group acquired comparable results on the pretests, but differed in their 
results on most of the posttests. Participants needed about 45 minutes to complete the 
questionnaire. 
Measurement Instruments
To measure the SMK, PCK, and attitude of the participants in our study, we developed 
or selected measurement instruments to include in our questionnaire. The measurement 
instruments consisted of open questions and/or Likert scales ranging from 1 (totally 
disagree) to 5 (totally agree). 
 Conceptual SMK. We constructed a test of eight open questions based on 
the Science Education Hub lesson module “perception and action” (Peeters et al., 
2014). The first question in the questionnaire focused on the working of the brain. 
Subsequently, different activities about perception and action were described, such 
as throwing an object to a target with or without looking through a small periscope. 
Participants were asked to apply their knowledge of the relations between perception 
and action by answering questions about these activities, e.g.: “Why do people make 
more mistakes when they look through a periscope when throwing an object to a target 
than without the periscope?” To address content validity, we consulted a researcher in 
the field of perception and action who took part in the development of this lesson 
module. The answers to the eight open questions were compared to a rubric in which 
different categories of responses were distinguished (Cronbach’s α = .76).
 Epistemic SMK. We have chosen the Student Understanding of Science and 
Scientific Inquiry (SUSSI) to measure epistemic SMK, as it focuses on both NOS 
and the understanding of scientific inquiry. In addition, this instrument consists of 
different subscales in which five-point Likert items are combined with an open question 
(Liang et al., 2008). This enabled us to conduct both quantitative and qualitative data 
analyses. The SUSSI is based on a theoretical framework about the nature of scientific 
knowledge and its development, and existing instruments to measure NOS, which 
contributes to content validity. We selected subscales of the SUSSI that were consistent 
with literature regarding epistemic knowledge of primary school pupils (Khishfe & 
Abd-El-Khalick, 2002). Since the SUSSI was tested by American pre-service teachers, 
we calculated the reliability of our data of Dutch in-service teachers for each selected 
subscale. The subscale “observations and inferences” referred to understanding that prior 
knowledge influences the way scientists observe and interpret phenomena within their 
investigations (Cronbach’s α =.74). The tentativeness of scientific knowledge indicated 
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understanding that scientific theories can be changed, for example, when new evidence 
arises. After omitting the item “scientific theories may be completely replaced by new 
theories in light of new evidence”, the reliability was modest to reasonable (Cronbach’s α 
= .61). Finally, the subscale “creativity and imagination” (Cronbach’s α = .87) referred to 
knowledge of the importance of creativity when collecting, analysing, and interpreting 
data. 
 Social SMK. The social knowledge was divided into: 1) knowledge about 
collaboration and communication when designing and conducting an investigation 
with others, such as a group of pupils, and: 2) knowledge about composing a research 
presentation and presenting the research to an audience, such as classmates or parents. 
Content validity is addressed, since these questions are based on our previous research 
about domains of scientific knowledge, among which the social domain is included 
(Van Uum et al., 2016). 
  Knowledge about collaboration and communication within a research group 
was tested with the question: “Which concepts correspond with effective communication 
during the collaboration within a (research) group? Write down as many concepts as 
possible.” The word “research” was added to the question to clarify that participants 
answered the question within the context of inquiry-based learning. Teachers’ answers 
were analysed by comparing them with categories of a framework on academic discussion 
in primary schools developed by Elizabeth et al. (2012). These categories are: cooperation 
and collaboration; reason and logic; information and evidence; and perspectives and 
voice. The cooperation and collaboration category included asking questions and sharing 
information. In addition, we incorporated the elements of individual accountability 
and positive interdependence of Johnson and Johnson (2009) within this category. For 
example, each group member is made responsible for a component of the task, and roles, 
such as chairman and minutes secretary are divided. The reason and logic category of 
Elizabeth et al. consisted of formulating arguments and considering arguments of group 
members. In the category of information and evidence, knowledge and information 
were used to provide evidence for claims. Finally, the perspectives and voice category 
referred to being able to understand and respect each other’s perspectives. We scored 
how many of these categories were included in each answer from 0 (no categories) to 4 
(all categories). 
  Knowledge about composing a research presentation and presenting the 
investigation was tested with the question: “What should a researcher take into account 
when developing and giving a presentation about his or her investigation?” To select 
components for research presentations in primary schools, we used the phases of the 
inquiry cycle of Van Graft and Kemmers (2007), such as designing and conducting an 
investigation, combined with the general structure of research articles: introduction, 
methods, results, discussion (conclusions) (Alexandrov & Hennerici, 2013). Each 
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component that was described by participants, was scored. For example, citations, such 
as “mentioning the research question” and “explaining the different steps that were taken 
to conduct the investigation” matched our framework of analyses. In contrast, general 
communication skills, such as “eye contact” and “non-verbal communication” were 
excluded from the analyses of the answers to the current and previous question, because 
we focused on communication skills related to inquiry-based learning. In addition, 
concepts that could refer to more than one category, because a clear explanation was not 
provided, were excluded from the analyses. 
  Procedural SMK. The knowledge of teachers regarding inquiry procedures was 
measured by the Diet Cola test of Fowler (1990). In the Diet Cola test, participants 
were asked how they would answer a research question by describing an investigation. 
Since inquiry-based learning involves asking and answering research questions, this test 
contributed to content validity. The Diet Cola test proved to be reliable with a good test-
retest correlation (r = .76, p < .01; Adams & Callahan, 1995). Before the start of our TPD 
programme, participants were asked the question: “Are bees attracted to Diet Cola? In 
other words: do bees like Diet Cola?” After the TPD programme, participants addressed 
the question: “Are earthworms attracted to light? In other words: do earthworms like 
light?” (Adams & Callahan, 1995). Participants were asked to describe the steps to take 
in order to answer the questions. Fowler’s scoring sheet was used to categorise their 
answers. This sheet includes, for example, the items: “predicts outcome or hypothesizes”, 
“plans to measure”, “plans data collection”, and “states plan for making a conclusion”. 
Participants received zero points for each category they did not mention, one point each 
time their answer matched a category, and two points when they presented more than 
one example regarding a category. Since there were 15 categories, their scores varied 
from 0 to 30. To calculate the Cronbach’s alpha, we excluded the items “plans safety” 
and “defines the terms of the experiment”. The item “plans safety” was only scored by 
one participant and the item “defines the terms of the experiment” was only scored five 
times. Cronbach’s alpha revealed a good reliability (α = .83). 
  Attitude. We used the Dimensions of Attitude Towards Science (DAS) 
instrument to measure teachers’ attitude towards teaching science by means of five-
point Likert scales (Van Aalderen-Smeets & Walma van der Molen, 2013). In our study, 
a similar group of participants was used, namely Dutch primary school teachers. The 
different subscales of the DAS instrument proved to be valid and reliable (Van Aalderen-
Smeets & Walma van der Molen, 2013). However, the components “difficulty” and 
“gender beliefs” did not predict science teaching and were unrelated to other components 
according to Van Aalderen-Smeets and Walma van der Molen. Therefore, we excluded 
these subscales from our test. The subscale “relevance” (4 items, Cronbach’s α = 0.85) 
within the dimension “cognition” measured teachers’ beliefs about the importance of 
science education in primary schools, e.g., “I think that science education is essential for 
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primary school children’s development.” Within the “affect” dimension, the enjoyment 
(3 items, Cronbach’s α = 0.93) and anxiety (4 items, Cronbach’s α = 0.92) towards 
teaching science were measured. As Van Aalderen-Smeets and Walma van der Molen 
explained, a teacher can both enjoy and be a bit anxious towards teaching science, e.g., 
“Teaching science makes me enthusiastic” and “I feel nervous while teaching science.” 
The “perceived control” domain consisted of the components “self-efficacy” (4 items, 
Cronbach’s α = 0.90) and “context dependency” (3 items, Cronbach’s α = 0.74). Self-
efficacy referred to a person’s beliefs in his or her own knowledge or ability to teach 
science, e.g. “I have enough knowledge of the content of science to teach these subjects 
well in primary school.” Context dependency included opinions about the need for 
lesson modules and materials to be able to teach science, e.g., “For me, the availability 
of a science teaching method is decisive for whether or not I will teach science in class.”
 PCK. A questionnaire with 12 items (Cronbach’s α = .98) was developed to 
measure teachers’ perception of their ability to guide inquiry-based learning in their 
own classrooms by means of five-point Likert scales. To address content validity, we 
differentiated between teaching goals, (mis)conceptions of pupils, and teaching 
strategies (Rohaan et al., 2010). We combined these components with the four domains 
of scientific knowledge (conceptual, procedural, epistemic, and social) that are part of 
the pedagogical framework developed in our previous study (Van Uum et al., 2016). 
For example, the PCK of the conceptual domain included the questions: “I know which 
content goals I can address for pupils regarding the theme of perception and action”, “I 
know which difficulties pupils encounter regarding this theme”, and “I know how I can 
guide pupils to better understand this theme.” 
 Perceived changes. Directly after the fifth course meeting, we asked the participants 
of the experimental group to write down to what extent their SMK, PCK, and attitude 
had changed by taking part in the TPD programme. By means of five-point Likert 
scales, we measured participants’ opinions about whether or not their knowledge and 
attitude had improved. Examples of items are, “By taking part in the TPD programme, 
my knowledge about research procedures, such as formulating a research question, has 
been enhanced” (SMK procedural) and “By taking part in the TPD programme, my 
enthusiasm for inquiry-based learning has been increased” (attitude). After judging each 
item or group of items covering the same teacher knowledge or attitude, participants 
were asked to clarify their answers. 
  Intentions to change classroom practice. After the TPD programme, participants 
of the experimental group were asked three open questions in a questionnaire about 
their intentions to: 1) guide inquiry-based projects in their classroom more often, 2) 
motivate their colleagues to implement inquiry-based learning, and 3) whether they had 
made specific appointments with their colleagues to implement IBSE as a result of the 
TPD.
Professionalising primary school teachers in guiding inquiry-based learning
115
C
ha
pt
er
 5
Inter-rater Reliability of Open Questions 
To measure the inter-rater reliability of the answers to open questions of the SMK 
questionnaires, a sample of 30 participants was selected (15 of the experimental group 
and 15 of the control group). The distribution of the variables that were used to match 
participants between the experimental and control group was taken into account and 
an equal distribution of participants on these variables was achieved. In addition, 
another group of 10 participants was selected whose answers were used to practise the 
scoring by two raters. The first rater had developed and taught the TPD programme, 
and had composed scoring rubrics for the measurement instruments that contained 
open questions within the questionnaire. The second rater was trained by the first rater 
to use the scoring rubrics. After scoring the answers of five to ten participants to each 
question in the questionnaire, both raters discussed dissimilarities in their scoring and 
adjusted the scoring rubrics. Subsequently, they individually scored the answers of 
30 participants. For each question, an inter-rater reliability was established. Cohen’s 
Kappa’s were calculated (Landis & Koch, 1977). For each domain, the mean of the 
Cohen’s Kappa and its standard deviation were: SMK conceptual domain, M = .79, 
SD = .10, SMK epistemic domain, M = .75, SD = .10, SMK social domain, M = .84, 
SD = .05, and SMK procedural domain, M = .75, SD = .10. Subsequently, the first rater 
scored the remaining answers to open questions.
Statistical Analyses
To determine whether the experimental and control group were comparable on each 
pretest of attitude, PCK, and SMK, we conducted one-way independent ANOVAs. The 
scores on the SMK, PCK, and attitude tests were translated into z-scores to conduct 
overall analyses. For each pre- and posttest of the measurement instruments, a z-sum 
score was calculated. GLM repeated measures MANOVA was used to analyse the z-sum 
scores of the experimental and control group before and after the TPD programme. 
Furthermore, the sum scores of both groups were compared by means of univariate 
repeated measures ANOVAs to calculate whether there were interaction effects of time 
and group on each variable. Subsequently, paired t-tests were used to calculate the 
differences on the pretest and the posttest for each group separately. The answers of the 
experimental group to open questions of perceived changes in SMK, PCK, and attitude 
were used to gain insight into participants’ own opinions about these changes.
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5.3 Results
Comparability of Groups
In order to check whether the experimental and control group did not differ on 
the pretests of SMK, PCK, and attitude, we analysed the results of 24 participants 
of the experimental group and the results of 26 participants of the control group, 
due to missing variables on the questionnaires of 9 participants. By means of one-
way independent ANOVAs, we established that there were no significant differences 
between the experimental group and the control group on the pretests of attitude, 
F(1) = 1.34, p = .253, ηp
2 = .03, PCK, F(1) = .52, p = .475, ηp
2 = .01, conceptual SMK, 
F(1) = 2.88, p = .096, ηp
2 = .06, epistemic SMK, F(1) = .21 , p = .652, ηp
2 = .00, social 
SMK, F(1) = .78, p = .381, ηp
2 = .02, and procedural SMK, F(1) = 1.33, p = .255, 
ηp
2 = .03. These results indicate that the experimental and control group were comparable 
on the knowledge components and their attitude towards IBSE before the experimental 
group participated in the TPD programme. 
Repeated Measures
We conducted a repeated measures MANOVA with time (pretest versus posttest) as a 
within-subjects factor, group (experimental versus control group) as a between subjects 
factor, and the different knowledge and attitude tests as dependent variables (attitude, 
PCK, conceptual SMK, epistemic SMK, social SMK, and procedural SMK). In 
Table 5.5, the means and standard deviations of the different variables for each group 
are provided. 
 Wilks’ Lambda revealed an overall significant interaction effect of time and 
group, Ʌ = .40, F(6, 43) = 10.73, p < 0.001, ηp
2 = .60, which represented differences 
in acquired knowledge and/or improved attitude between pretest and posttest for the 
experimental group and the control group. Subsequent univariate repeated measures 
ANOVAs showed significant interaction effects of time and group on attitude, PCK, 
conceptual SMK, and social SMK (see Table 5.5). These results clarify that the 
improvements in attitude, PCK, conceptual SMK, and social SMK were different 
between the pretest and posttest for the experimental and control group. The univariate 
repeated measures of the epistemic SMK and procedural SMK showed no significant 
interaction effects of time and group (see Table 5.5). 
  Subsequently, the results on attitude, PCK, and the SMK variables were 
measured separately for the experimental group and control group by means of paired 
t-tests. The paired t-tests of the experimental group showed a significant increase between 
the pretest and posttest on attitude, t(23) = -7.25, p < 0.001, PCK, t(23) = -10.36, 
p < 0.001, conceptual SMK, t(23) = -6.37, p < 0.001, and social SMK, t(23) = -3.62, 
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p = 0.001. However, the paired t-tests of the epistemic SMK, t(23) = .51, p = .614, and 
the procedural SMK, t(23) = -.34, p = .735, showed no significant difference between 
the pretest and posttest. As expected, the paired t-tests of the control group showed 
no differences between the pretest and posttest on attitude, t(25) = 1.55, p = .133, 
PCK, t(25) = -.55, p = .587, conceptual SMK, t(25) = .59, p = .560, social SMK, 
t(25) = -.54, p = .593, and epistemic SMK, t(25) = -.48, p = .637, although the control 
group decreased in procedural SMK, t(25) = 2.20, p = .037.
Perceived Changes in SMK, PCK and Attitude of the Experimental Group
The significant improvements of the experimental group from pretest to posttest on 
attitude, PCK, conceptual SMK and social SMK were confirmed by participants’ own 
perceived improvements measured by five-point Likert items ranging from 1 (totally 
disagree) to 5 (totally agree) and open questions. The mean scores of participants on 
the Likert items of these variables all ranged from 3.78 to 4.42, which indicated their 
perceived positive changes on conceptual SMK, social SMK, PCK and attitude after 
taking part in the TPD programme. They perceived, for example, a sufficient contribution 
of the course to their social SMK (M = 3.78, SD = .80) and a high contribution to 
their attitude towards guiding inquiry-based lessons more often in their own classrooms 
(M = 4.33, SD = .70). The following paragraphs elaborate the perceived improvements 
of the experimental group based on open questions about the knowledge and attitude 
variables. 
Table 5.5: Descriptive statistics and repeated measures results of the experimental and 
control group on the knowledge and attitude variables .
Experimental group* Control group**
       Pre       Post       Pre       Post Interaction
time and group
M SD M SD M SD M SD F p ηp
2
Att*** 67.04 11.45 76.96 9.56 70.31 8.40 68.69 8.18 45.89 < .001 .49
PCK 29.38 8.79 52.04 7.68 31.08 7.93 32.19 10.80 52.32 < .001 .52
Con 7.83 1.63 11.04 2.66 6.85 2.38 6.58 2.89 26.34 < .001 .35
Epi 36.50 6.47 35.75 8.22 37.42 7.79 37.81 7.29 .478 .493 .01
Soc 2.79 2.13 5.25 2.83 2.31 1.74 2.50 2.28 9.16 .004 .16
Pro 9.00 4.20 9.42 5.78 7.58 4.50 5.58 3.63 2.58 .114 .05
* n = 24. There are five missing participants due to personal reasons and one participant did not complete 
the whole questionnaire.
** n = 26. There are three missing participants, because they did not complete the whole questionnaire.
*** Att = Attitude, PCK = Pedagogical Content Knowledge, Con = Conceptual SMK, Epi = Epistemic 
SMK, Soc = Social SMK, and Pro = Procedural SMK.
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 Attitude. Twenty of the 24 participants said they were more positive towards 
IBSE after the TPD. Their enthusiasm increased, they intended to guide inquiry-
based learning more often in their own classrooms, and they would like to inspire their 
colleagues to guide an inquiry-based lesson module: “I was already enthusiastic about 
this [inquiry-based] way of learning. This [enthusiasm] has only been increased by the 
course!” and “I am enthusiastic and hope to prepare and arrange the curriculum in this 
[inquiry-based] way more often in the following year, together with my colleagues.” 
  PCK. Participants perceived gains in their pedagogical knowledge of inquiry-
based learning. Eight participants said they improved their PCK related to the conceptual 
domain of scientific knowledge, such as their understanding about how to explain the 
figure with relations between perception and action to their pupils. Eight participants 
mentioned improvements in their pedagogical knowledge about the way scientific 
knowledge is generated. Eleven participants perceived gains in their PCK regarding the 
social knowledge of their pupils during inquiry-based learning. Finally, nine participants 
specifically mentioned gains in their ability to support pupils’ inquiry procedures: “By 
means of the hard scaffolds, I can guide/support inquiry procedures better.”
  Conceptual SMK. Since participants did not know much about perception 
and action, their perceived knowledge increased. Whereas 13 participants discussed 
improvements in their knowledge in general, their knowledge about inquiry, and their 
pedagogical knowledge, the remaining 11 participants included knowledge about the 
theme of inquiry, knowledge about perception and action, or knowledge about the 
figure in which relations between perception and action are clarified, in their answer. 
Ten of these participants explained that they experienced positive changes in their 
conceptual SMK: “I did not have any idea about perception and action. That has 
changed completely by means of the course” and “I can explain the figure with relations 
between perception and action …”  
  Social SMK. Participants mentioned that they already had knowledge about 
collaboration and communication before the course (5 participants). Others perceived 
that their social SMK had increased by using scaffolds and examples from classroom 
practice (4 participants): “[I have gained social SMK] by applying scaffolds and trying 
it out for myself.” Eleven participants mentioned that they had learned to support 
collaboration of pupils during their inquiries and how to apply the concepts of 
collaboration and communication to inquiry-based learning: “By means of cooperative 
learning, I already knew more about collaboration and communication. It was new to 
apply this to doing research.” The four remaining participants gave a general comment 
about collaboration or did not provide a comment.
 Epistemic SMK. The experimental group scored a mean of 3.91 (SD = 1.00) 
on the five-point Likert scale of perceived gains in epistemic SMK by participating 
in the TPD programme, which implies a sufficient perceived influence of the course 
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on epistemic SMK. However, participants did not relate to the importance of 
creativity during the inquiry process, the tentativeness of scientific knowledge, or the 
difference between observations and inferences, which were part of the epistemic SMK 
questionnaire. Instead, they mentioned general improvements in their knowledge or 
included perception and action in their answers (3 participants), referred to course 
materials in general or videos that clarified epistemic knowledge (3 participants), or 
focused on understanding the phases of inquiry (3 participants). Seven participants 
mentioned gains in their understanding of the generation of scientific knowledge or being 
able to talk to pupils about it. Five participants explained they already had knowledge 
about scientific inquiry, although 3 of them mentioned gains in their knowledge about 
guiding inquiry-based learning. The three remaining participants each had a different 
explanation to the open question about epistemic SMK.
  Procedural SMK. Interestingly, the posttest did not reveal a significant difference 
in comparison with the pretest on procedural SMK, although the experimental group 
scored a mean of 4.30 (SD = 1.02) on the five-point Likert scale with regards to 
their perceived gains in procedural knowledge as a result of taking part in the TPD 
programme. Apart from 2 participants that explained they already had gained procedural 
SMK in college and 2 participants who did not answer this open question, the other 
20 participants all perceived gains in their procedural SMK. The perceived procedural 
SMK of these participants focused primarily on positive changes in their knowledge 
about formulating a research question. They explained, for example: “My knowledge 
about formulating research questions has been refreshed” and “At our school, we have 
been formulating research questions for about 10 years now. But only now I know what 
criteria a research question should meet.” Ten participants specifically mentioned the 
usefulness of scaffolds, such as the question machine, to improve their own procedural 
SMK and/or to support the inquiry procedures of their pupils. 
 Intentions to change classroom practice. Most participants (23 out of 24) intended 
to guide inquiry-based projects in their classrooms more often: “Yes, at least one project 
each school year” and “Yes, inquiry-based learning is going to be included in our school 
plan 2015 – 2019.” These 23 participants also planned to or had already motivated 
colleagues to guide inquiry-based projects in their own classrooms: “Yes, pupils 
have given a presentation of their investigation to the team members. The team was 
enthusiastic about this” and “Yes, the team will be informed about this course and the 
lessons in the classroom during the next seminar …” Of the 23 participants that were 
enthusiastic about the implementation of inquiry-based learning in their own schools, 
11 participants had already made specific appointments about inquiry-based learning: 
“There will be a study group and project plan about discovery- and inquiry-based 
learning. A scientific attitude and inquiry-based learning will be topics for the upper 
primary school pupils in the following school year.”
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Perceived Components of the Course that Influenced Changes in the  
Experimental Group 
The results discussed in the previous paragraphs show that our TPD programme 
significantly improved the attitude, PCK, conceptual SMK, and social SMK of the 
experimental group. The programme contributed mostly to teachers’ PCK, followed by 
their attitude, conceptual SMK, and social SMK. In addition, participants perceived 
positive changes on these variables and intended to guide inquiry-based projects more 
often. Although there were no significant differences in their epistemic SMK and 
procedural SMK between pre- and posttest, participants did perceive gains in their 
epistemic and procedural SMK. 
  To understand the elements of the programme that influenced these changes, 
participants of the experimental group were asked whether the following elements 
contributed to perceived changes in their SMK, PCK and attitude: understanding hard 
and soft scaffolds; implementing the inquiry-based lesson module in participants’ own 
classroom; and the exchange of ideas, lesson preparations, and classroom experiences 
with other participants. Their answers showed that the hard scaffolds contributed to 
perceived changes in SMK, PCK, and attitude with scores on the five-point Likert 
scale ranging from 4.25 to 4.30. Apart from 2 participants who did not answer the 
open question, all 22 participants gave positive comments about the hard scaffolds. 
Participants commented: “Hip, hip, hooray for the question machine, the question wall, 
the poster with inquiry phases!” and “The scaffolds have helped me to understand and 
transfer the knowledge/pedagogy of inquiry-based learning. It makes it easier to teach, 
which makes it more enjoyable.”
  The soft scaffolds contributed less to changes in knowledge and attitude. Scores 
on the five-point Likert items ranged from 3.42 to 3.52. Soft scaffolds were mostly 
discussed during the fourth course meeting whereas hard scaffolds were addressed 
intensively throughout the course. Three participants mentioned they already had 
knowledge about soft scaffolds, and eight participants added that they were more 
aware of using soft scaffolds after the TPD. They commented: “This [soft scaffolds] 
increased my awareness about how I can help pupils when they have questions. It is 
nice to be aware of that again” and “I increased my awareness to help pupils by asking 
them questions. No assumptions and not providing answers, just asking questions.” Six 
participants perceived gains in their ability to guide pupils whereas three participants 
mentioned that soft scaffolding was difficult for them. The remaining four participants 
did not comment on soft scaffolds or had not practised these in their classrooms.
  The exchange of ideas, materials and experiences with other participants were 
perceived to contribute to teachers’ changes in knowledge and attitude with scores 
on the five-point Likert scale ranging from 3.58 to 3.75. Nineteen participants were 
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positive about the exchange of ideas and experiences. Participants commented, for 
example: “It is nice to exchange experiences and tips with other participants. Others also 
increased my enthusiasm” and “It is good and informative to hear methods/experiences 
of others to gain new ideas.” However, four of these participants mentioned that they 
did not use the online platform much and were mostly enthusiastic about exchanging 
experiences during the course meetings of the TPD. Another participant explained 
that classroom experiences themselves were more valuable than exchanging these with 
other participants. The remaining four participants did not give an opinion about the 
exchange of ideas and experiences. 
  Finally, participants perceived the implementation of the classroom inquiry 
project to increase their SMK, PCK and attitude with scores on the five-point Likert 
scale ranging from 3.96 to 4.18. Although three participants mentioned difficult parts 
of the classroom inquiry project, sixteen others provided positive comments about the 
implementation of inquiry-based learning in their own classrooms. They commented, 
for example: “Applying the theory in practice helps to get acquainted with inquiry-
based learning” and “Implementing [the inquiry-based lesson module] provides positive 
experiences when it is that well prepared as by participating in this course.” The five 
remaining participants did not provide an answer to this open question.
5.4 Discussion
The TPD programme in the current study is based on a pedagogical framework of 
inquiry phases and domains of scientific knowledge (Van Uum et al., 2016) combined 
with hard and soft scaffolds (Van Uum et al., 2017). Our study shows that primary school 
teachers’ SMK, PCK, and attitude towards IBSE can be improved by systematically 
addressing phases of inquiry combined with domains of scientific knowledge and 
corresponding scaffolds. In each course meeting of the TPD programme, participants 
retrieved and elaborated their knowledge about the inquiry phases, domains of scientific 
knowledge, and hard and soft scaffolds. They evaluated classroom videos of each phase 
of inquiry and discussed the teachers’ role in supporting pupils during their inquiry 
process. In addition, they determined learning goals for pupils and discussed pupils’ 
potential difficulties in each inquiry phase. An inquiry-based lesson module based on 
the framework and scaffolds was prepared and planned. By applying the pedagogical 
framework and scaffolds in their classrooms, the teachers were able to support their 
pupils in each phase of inquiry. 
 Our study demonstrated the usefulness of scaffolds during open inquiry and 
is in line with the results of Van der Valk and Jong (2009). They found that tools to 
improve understanding of open inquiry for teachers could also be used to support pupils’ 
understanding of the inquiry process. In our study, the scaffolding tools developed 
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to support pupils’ inquiries were useful for their teachers as well to understand open 
inquiry and difficulties that pupils face during the inquiry process. 
Crucial Professional Development Components
In correspondence with the study of Van Driel et al. (2012), we addressed six components 
of effective TPD in our programme. We focused on improving the SMK, PCK, and 
attitude of the participating teachers towards IBSE by implementing a pedagogical 
framework of inquiry phases and domains of scientific knowledge combined with 
scaffolds. In addition to a reasonable duration, sustainability and school organisational 
conditions, such as availability of time and resources, we addressed the components of 
active and collaborative learning, and coherence within TPD. The latter components 
will be discussed hereafter. Throughout our TPD programme, coherence was achieved 
by continuously addressing the inquiry phases combined with the four domains of 
scientific knowledge and corresponding scaffolds. Furthermore, teachers implemented 
our pedagogical framework and scaffolds by guiding an inquiry-based lesson module 
in their own classrooms. In addition, active learning was promoted by collaborative 
evaluation of classroom videos and reflection on hands-on activities.
 These features of our TPD are in line with the study of Clarke and Hollingsworth 
(2002) who developed a model of professional growth in which different elements were 
connected by enacting and reflecting on TPD. These elements comprised: an external 
stimulus, such as information and/or support; a focus on teachers’ knowledge and 
attitude; professional experimentation in teachers’ own classroom; and observing how 
pupils react to the changes in classroom practice. Our study underlines the importance 
of these elements to be included in TPD with the aim of increasing teachers’ SMK, 
PCK, and attitude towards inquiry-based learning.
Focus on the Pedagogical Framework and Scaffolds to Improve SMK, PCK and 
Attitude
In the current study, the teachers of the experimental group improved their PCK, 
attitude, conceptual and social SMK about IBSE while the control group showed no 
significant differences on these variables. The epistemic and procedural SMK of the 
experimental group did not improve significantly compared to the control group. These 
results will be clarified here.
 PCK. Participants improved their own knowledge about facilitating inquiry-
based learning by discussing hard and soft scaffolds and composing lesson plans 
during the TPD programme meetings, and by implementing the scaffolds in their 
own classrooms. In this way, they were enabled to make connections between their 
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own acquired knowledge and the understanding of their pupils of inquiry-based 
learning. This finding corresponds with the study of Brand and Moore (2011) who 
found that teachers learned by designing and implementing inquiry-based lessons, and 
by reflecting on and evaluating classroom experiences. In our study, discussing how to 
implement hard and soft scaffolds in teachers’ own classrooms, and the evaluation of the 
implemented scaffolds, contributed to their PCK. Therefore, we recommend teacher 
trainers to address the implementation of hard and soft scaffolds in TPD programmes 
about IBSE.
  Conceptual SMK. In our TPD programme, the conceptual SMK focused on the 
relations between perception and action. The teachers made a mindmap, participated 
in hands-on activities, and reflected on these by means of the hard scaffold “combining 
theory and practice”. Finally, they differentiated between acquired knowledge and 
remaining questions when formulating initial questions to attach to the hard scaffold 
“question wall”. The importance of active hands-on learning corresponds with the study 
of Niemi and Nevgi (2014) who showed that research studies and active learning, such 
as constructing, sharing, and reflecting on knowledge, influenced pre-service teachers’ 
professional competences. Our study contributes to this finding by combining hands-
on activities with scaffolds to stimulate teachers’ understanding of and reflection about 
the concepts of perception and action. We, therefore, recommend including elements 
of active hands-on learning combined with scaffolds within teacher professional 
development about IBSE.
 Social SMK. Participants in the current study improved their social SMK by 
discussing and doing exercises related to hard scaffolds about collaboration and effective 
communication within a research group, and research presentations. In addition to 
scaffolds regarding conceptual understanding and epistemic explanations of scientific 
findings (Sandoval & Reiser, 2004), and scaffolds to enhance procedural knowledge 
and reflective competence (Reid, Zhang, & Chen, 2003), the current study shows that 
social hard scaffolds can improve understanding of the inquiry process. We recommend 
teacher trainers to use the four domains of scientific knowledge in the current study 
(conceptual, epistemic, social, and procedural) as a base for developing hard scaffolds to 
professionalise primary school teachers in IBSE.
 Attitude. During the TPD programme, participants discussed the importance 
of IBSE, experienced and appreciated scaffolds and activities that could be directly used 
in their own classrooms, and reflected on improvements in their attitude towards IBSE. 
The importance of explicit attention to primary school teachers’ attitude is confirmed by 
the study of Van Aalderen-Smeets and Walma van der Molen (2015). They showed that 
activities, such as formulating a research question combined with reflection on teachers’ 
attitude, contributed to a positive attitude towards (teaching) science and stimulated 
teachers to increase the amount of science in their classrooms. The TPD programme 
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of Van Aalderen-Smeets and Walma van der Molen involved about 53 – 58 hours. 
The teachers in the experimental group of the current study spent about 45 – 52.5 
hours on their professionalisation of IBSE included guiding an inquiry-based lesson 
module in their own classrooms. Since we were able to improve teachers’ PCK and 
SMK in addition to their attitude, we recommend teacher trainers to formulate goals to 
improve teachers’ SMK, PCK, and attitude, and to design professionalisation activities 
that contribute to several of these goals simultaneously. 
  Epistemic SMK. The importance of creativity during the inquiry process, the 
tentativeness of research results, and the difference between observations and inferences 
were addressed in the TPD programme by evaluating a video and doing exercises 
that were part of hard scaffolds on these topics. However, the amount of time spent 
on promoting knowledge about these NOS aspects was limited. Since an implicit 
approach to teaching NOS aspects is less effective (Khishfe & Abd-El-Khalick, 2002; 
Murphy, Kilfeather, & Murphy, 2007), we should have explicated these NOS aspects 
throughout the TPD programme. This is a limitation of our study. In addition, Akerson 
and Hanuscin (2007), who studied teachers’ NOS understandings and their ability to 
teach NOS, emphasised that improving knowledge about NOS takes time. Therefore, 
we recommend including several scaffolds and activities in TPD about IBSE focused 
explicitly on developing knowledge on NOS aspects and to provide follow-up workshops 
in which changes in NOS views can be supported. 
 Procedural SMK. During the TPD programme, the procedural SMK of 
participants was addressed in exercises related to hard scaffolds. For example, participants 
formulated research questions supported by the hard scaffold “question machine”. For 
each component of procedural knowledge, separate exercises were provided. Although 
participants filled in part of a research plan, they did not design their own investigation 
as is measured by the Diet Cola test (Fowler, 1990). Consequently, their procedural 
SMK score did not improve between pre- and posttest. This could be considered a 
limitation of our study. To promote participants’ procedural SMK, we recommend 
including designing (and conducting) a small investigation by participants as part of IBSE 
professionalisation to apply the knowledge they acquired by means of the hard scaffolds. 
This recommendation is supported by Capps and Crawford (2013) who centralised 
scientific investigations conducted by participants in a TPD programme about inquiry-
based learning. Although Capps and Crawford did not test participants’ procedural 
SMK, participants had increased their views of inquiry after the professionalisation. 
Limitations and Recommendations
In addition to the limitations in our TPD programme regarding the attention to epistemic 
and procedural SMK mentioned in the previous paragraphs, we relied on self-report 
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data when measuring the PCK of the experimental and control group, and the perceived 
changes of the experimental group. We asked participants about their perceived changes 
to gain insight into their own opinions about these changes. To measure teachers’ PCK, 
there was limited amount of time available, because we also wanted to measure their 
SMK of the four domains of scientific knowledge and their attitude. Therefore, we 
excluded, for example, interviews or observations as measurement instruments. As it 
is difficult to construct a test to measure teachers’ PCK with multiple-choice items 
(Rohaan, Taconis, & Jochems, 2009), we chose self-report data to measure teachers’ 
PCK. Although it is possible that the participants provided answers that they considered 
socially acceptable instead of their own opinions, we are confident that this data reflects 
the PCK of participants when we take into account their comments during TPD course 
meetings and their reflections after each inquiry-based lesson they guided in their own 
classrooms. 
 In the current study, we investigated the impact of a TPD programme about 
inquiry-based learning on the knowledge and attitude of primary school teachers. A 
recommendation for future research is to investigate whether teachers actually change 
their teaching practice and are able to support inquiry-based learning after their 
participation in a TPD programme. In addition, we recommend measuring changes 
in pupils’ knowledge and skills before and after their teachers implement elements of 
an inquiry-based TPD programme in their classrooms to determine whether TPD has 
an effect on pupils’ achievements. In the current study, we included in-service primary 
school teachers. For future research, we recommend including pre-service teachers as 
well, to establish whether both pre-service and in-service teachers can be professionalised 
equally. 
 The pedagogical framework of inquiry phases combined with domains of 
scientific knowledge and corresponding scaffolds that we used to professionalise primary 
school teachers, improved their SMK, PCK, and attitude towards IBSE. Discussing and 
implementing scaffolds, facilitating activities in which teachers could construct their 
own knowledge, and coherence between the TPD programme and classroom practice 
enabled teachers to apply their acquired knowledge and enjoy guiding an inquiry-based 
lesson module in their own classrooms. 
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e 
co
m
bi
ne
d 
w
ith
 h
ar
d 
an
d 
so
ft 
sc
aff
ol
ds
.
   
D
isc
us
sin
g 
th
e 
im
po
rt
an
ce
 o
f 
in
qu
iry
-b
as
ed
 le
ar
ni
ng
 g
ui
de
d 
by
 
lit
er
at
ur
e 
fin
di
ng
s.
Ep
ist
em
ic
: W
at
ch
in
g 
vi
de
os
 a
nd
 d
isc
us
sin
g 
th
e 
di
ve
rs
ity
 
of
 sc
ie
nt
ist
s a
nd
 th
e 
w
ay
 sc
ie
nt
ifi
c 
kn
ow
le
dg
e 
is 
ge
ne
ra
te
d,
 su
pp
or
te
d 
by
 th
e 
sc
aff
ol
d 
“r
ea
l s
ci
en
tis
ts”
 
on
 w
hi
ch
 p
ic
tu
re
s o
f s
ci
en
tis
ts 
ar
e 
di
sp
la
ye
d,
 a
nd
 th
e 
“p
os
te
r w
ith
 in
qu
iry
 p
ha
se
s”
**
.
   
D
oi
ng
 a
nd
 a
pp
re
ci
at
in
g 
cl
as
sr
oo
m
 a
ct
iv
iti
es
 in
 w
hi
ch
 p
ar
tic
ip
an
ts 
ar
e 
in
tro
du
ce
d 
to
 th
e 
co
nc
ep
ts 
of
 “p
er
ce
pt
io
n 
an
d 
ac
tio
n”
, s
uc
h 
as
 b
al
an
ci
ng
 a
 tr
ay
 w
ith
 
dr
in
ks
 w
hi
le
 ru
nn
in
g 
a 
tr
ai
l (
Pe
et
er
s e
t a
l.,
 2
01
4)
.  
Fr
om
 1
 
to
 2
Ex
pl
or
at
io
n
C
on
ce
pt
ua
l: 
Re
ad
in
g 
th
e 
Sc
ie
nc
e 
Ed
uc
at
io
n 
H
ub
 b
oo
k 
ch
ap
te
r o
n 
“p
er
ce
pt
io
n 
an
d 
ac
tio
n”
 (P
ee
te
rs
 e
t a
l.,
 2
01
4)
 
to
 im
pr
ov
e 
un
de
rs
ta
nd
in
g 
of
 th
es
e 
co
nc
ep
ts.
 
D
et
er
m
in
in
g 
an
d 
de
sc
rib
in
g 
w
ha
t p
up
ils
 sh
ou
ld
 
kn
ow
 a
bo
ut
 “p
er
ce
pt
io
n 
an
d 
ac
tio
n”
. S
ea
rc
hi
ng
 th
e 
in
te
rn
et
 to
 fi
nd
 o
ne
 o
r m
or
e 
cl
as
sr
oo
m
 a
ct
iv
iti
es
 fo
r 
th
e 
ex
pl
or
at
io
n 
ph
as
e.
   
2
Ex
pl
or
at
io
n
Pa
rt
ic
ip
at
in
g 
in
 d
iff
er
en
t h
an
ds
-o
n 
ac
tiv
iti
es
, s
uc
h 
as
 th
ro
w
in
g 
sm
al
l b
ag
s t
ow
ar
ds
 a
 g
oa
l w
hi
le
 w
at
ch
in
g 
th
ro
ug
h 
a 
pe
ris
co
pe
, t
o 
ex
pe
rie
nc
e 
an
d 
en
jo
y 
ac
tiv
iti
es
 th
at
 c
an
 b
e 
im
pl
em
en
te
d 
in
 p
ar
tic
ip
an
ts’
 o
w
n 
cl
as
sr
oo
m
s a
nd
 im
pr
ov
e 
un
de
rs
ta
nd
in
g 
of
 p
er
ce
pt
io
n 
an
d 
ac
tio
n.
C
on
ce
pt
ua
l: 
W
at
ch
in
g 
vi
de
os
 o
f p
ro
f. 
Pi
et
er
 
M
ed
en
do
rp
 a
bo
ut
 th
e 
re
la
tio
ns
 b
et
w
ee
n 
pe
rc
ep
tio
n 
an
d 
ac
tio
n,
 m
ak
in
g 
a 
m
in
dm
ap
 a
nd
 im
pr
ov
in
g 
un
de
rs
ta
nd
in
g 
of
 th
e 
ha
rd
 sc
aff
ol
d 
“c
om
bi
ni
ng
 th
eo
ry
 
an
d 
pr
ac
tic
e”
 b
y 
re
la
tin
g 
th
e 
ha
nd
s-
on
 a
ct
iv
iti
es
 to
 th
e 
co
nc
ep
ts 
of
 p
er
ce
pt
io
n 
an
d 
ac
tio
n.
 
   Fo
rm
ul
at
in
g 
pr
el
im
in
ar
y 
qu
es
tio
ns
 in
 p
ai
rs
 a
bo
ut
 w
ha
t 
pa
rt
ic
ip
an
ts 
w
an
t t
o 
kn
ow
 a
bo
ut
 p
er
ce
pt
io
n 
an
d 
ac
tio
n.
 
Af
te
r p
la
ci
ng
 a
ll 
qu
es
tio
ns
 to
ge
th
er
 o
n 
a 
“q
ue
sti
on
 
w
al
l”
, d
isc
us
sin
g 
w
hi
ch
 q
ue
sti
on
s w
er
e 
al
re
ad
y 
an
sw
er
ed
 
du
rin
g 
th
e 
ex
pl
or
at
io
n 
ph
as
e 
an
d 
w
hi
ch
 re
m
ai
ne
d 
to
 b
e 
an
sw
er
ed
.
5.
6 
Ap
pe
nd
ix
 D
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C
ha
pt
er
 5
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
Pr
oc
ed
ur
al
: U
nd
er
sta
nd
in
g 
ho
w
 to
 fo
rm
ul
at
e 
re
se
ar
ch
 
qu
es
tio
ns
 b
y 
lis
te
ni
ng
 to
 a
n 
ex
pl
an
at
io
n 
ab
ou
t t
he
 
ha
rd
 sc
aff
ol
d 
“q
ue
sti
on
 m
ac
hi
ne
” 
w
hi
ch
 su
pp
or
ts 
th
e 
fo
rm
ul
at
io
n 
of
 re
se
ar
ch
 q
ue
sti
on
s.
   
Fr
om
 2
 
to
 3
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
Pr
oc
ed
ur
al
: A
pp
ly
in
g 
th
e 
cr
ite
ria
 o
n 
th
e 
ha
rd
 sc
aff
ol
d 
“q
ue
sti
on
 m
ac
hi
ne
” 
to
 ju
dg
e 
th
e 
qu
al
ity
 o
f d
iff
er
en
t 
re
se
ar
ch
 q
ue
sti
on
s t
ha
t w
er
e 
pr
ov
id
ed
 fo
r p
ar
tic
ip
an
ts.
 
Fo
rm
ul
at
in
g 
a 
re
se
ar
ch
 q
ue
sti
on
 a
nd
 ju
dg
in
g 
th
e 
qu
al
ity
 
of
 th
ei
r r
es
ea
rc
h 
qu
es
tio
n.
   
3
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
Pr
oc
ed
ur
al
: D
isc
us
sin
g 
an
d 
im
pr
ov
in
g 
ea
ch
 o
th
er
’s 
re
se
ar
ch
 q
ue
sti
on
s m
ad
e 
as
 a
 h
om
ew
or
k 
as
sig
nm
en
t.
So
ci
al
: U
nd
er
sta
nd
in
g 
co
lla
bo
ra
tio
n 
ro
le
s w
ith
in
 
a 
(r
es
ea
rc
h)
 g
ro
up
 b
y 
di
sc
us
sin
g 
th
e 
ha
rd
 sc
aff
ol
d 
“d
iv
isi
on
 o
f r
ol
es
” 
on
 w
hi
ch
 ro
le
s, 
su
ch
 a
s c
ha
irm
an
 a
nd
 
m
in
ut
es
 se
cr
et
ar
y 
ar
e 
di
sti
ng
ui
sh
ed
.
So
ci
al
: D
oi
ng
 a
n 
ex
er
ci
se
 re
la
te
d 
to
 th
e 
ha
rd
 sc
aff
ol
d 
“e
ffe
ct
iv
e 
co
m
m
un
ic
at
io
n”
 in
 w
hi
ch
 sm
al
l g
ro
up
s 
of
 p
ar
tic
ip
an
ts 
ne
ed
 to
 fo
rm
 a
 jo
in
t o
pi
ni
on
 a
bo
ut
 
a 
ce
rt
ai
n 
to
pi
c 
to
 e
xp
er
ie
nc
e 
an
d 
un
de
rs
ta
nd
 th
e 
im
po
rt
an
ce
 o
f s
ha
rin
g 
in
fo
rm
at
io
n,
 c
on
tr
ib
ut
in
g 
to
 th
e 
di
sc
us
sio
n,
 e
tc
. 
Ep
ist
em
ic
: U
nd
er
sta
nd
in
g 
th
at
 sc
ie
nt
ifi
c 
kn
ow
le
dg
e 
is 
te
nt
at
iv
e 
an
d 
ba
se
d 
on
 c
re
at
iv
ity
 b
y 
w
at
ch
in
g 
a 
vi
de
o 
ab
ou
t t
he
se
 e
le
m
en
ts 
an
d 
co
m
pa
rin
g 
its
 c
on
te
nt
 w
ith
 
th
e 
sc
aff
ol
d 
“r
ea
l r
es
ea
rc
h”
 o
n 
w
hi
ch
 th
es
e 
el
em
en
ts 
ar
e 
di
sp
la
ye
d 
an
d 
di
sc
us
se
d.
W
at
ch
in
g 
an
d 
di
sc
us
sin
g 
a 
vi
de
o 
ab
ou
t t
he
 
im
pl
em
en
ta
tio
n 
of
 e
xe
rc
ise
s c
on
ne
ct
ed
 to
 th
e 
“q
ue
sti
on
 m
ac
hi
ne
” 
in
 c
la
ss
ro
om
 p
ra
ct
ic
e.
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3
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
Pr
oc
ed
ur
al
: U
nd
er
sta
nd
in
g 
ho
w
 to
 c
on
tro
l v
ar
ia
bl
es
 b
y 
ev
al
ua
tin
g 
a 
vi
de
o 
ab
ou
t i
t, 
be
in
g 
in
fo
rm
ed
 a
bo
ut
 th
e 
ha
rd
 sc
aff
ol
d 
“c
on
tro
lli
ng
 v
ar
ia
bl
es
”,
 a
nd
 a
pp
ly
in
g 
th
e 
ha
rd
 sc
aff
ol
d 
to
 c
on
tro
l v
ar
ia
bl
es
 a
fte
r w
at
ch
in
g 
a 
vi
de
o 
ab
ou
t a
 c
la
ss
ro
om
 o
f p
up
ils
 th
at
 d
isc
us
s p
la
nt
 g
ro
w
th
. 
Pr
oc
ed
ur
al
 a
nd
 e
pi
ste
m
ic
: U
nd
er
sta
nd
in
g 
ho
w
 to
 k
ee
p 
a 
lo
g 
du
rin
g 
an
 in
ve
sti
ga
tio
n 
by
 d
isc
us
sin
g 
th
e 
ha
rd
 
sc
aff
ol
d 
“k
ee
pi
ng
 a
 lo
g”
.
Pr
oc
ed
ur
al
: U
nd
er
sta
nd
in
g 
ho
w
 to
 u
se
 th
e 
ha
rd
 sc
aff
ol
d 
“r
es
ea
rc
h 
pl
an
” 
an
d 
fil
lin
g 
in
 p
ar
t o
f t
he
 re
se
ar
ch
 p
la
n 
in
 p
ai
rs
 b
as
ed
 o
n 
a 
re
se
ar
ch
 q
ue
sti
on
 w
hi
ch
 p
ar
tic
ip
an
ts 
ha
d 
fo
rm
ul
at
ed
 th
em
se
lv
es
. 
   
Fr
om
 3
 
to
 4
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
U
nd
er
sta
nd
in
g 
an
d 
ap
pr
ec
ia
tin
g 
th
e 
co
nt
en
t o
f t
he
 in
qu
iry
 p
ha
se
 “d
es
ig
ni
ng
 th
e 
in
ve
sti
ga
tio
n”
 b
y 
w
at
ch
in
g 
vi
de
o 
cl
ip
s o
f S
ci
en
ce
 E
du
ca
tio
n 
H
ub
 R
ad
bo
ud
 U
ni
ve
rs
ity
 
ab
ou
t i
t. 
Se
le
ct
in
g 
pu
pi
ls’
 c
la
ss
ro
om
 p
ro
du
ct
s t
o 
br
in
g 
to
 th
e 
ne
xt
 c
ou
rs
e 
m
ee
tin
g.
   
   
4
D
es
ig
ni
ng
 a
n 
in
ve
sti
ga
tio
n
Ev
al
ua
tin
g 
pu
pi
ls’
 p
ro
du
ct
s a
nd
 d
isc
us
sin
g 
ho
w
 to
 
gu
id
e 
pu
pi
ls 
to
 im
pr
ov
e 
th
ei
r r
es
ea
rc
h 
pl
an
s.
   
C
on
du
ct
in
g 
th
e 
in
ve
sti
ga
tio
n
Pr
oc
ed
ur
al
: W
at
ch
in
g 
a 
vi
de
o 
ab
ou
t a
n 
in
ve
sti
ga
tio
n,
 
re
co
rd
in
g 
th
e 
da
ta
 m
en
tio
ne
d 
on
 th
e 
vi
de
o 
an
d 
di
sc
us
sin
g 
th
e 
co
nt
en
t o
n 
th
e 
sc
aff
ol
d 
“r
ec
or
di
ng
 d
at
a”
 
to
 u
nd
er
sta
nd
 h
ow
 to
 re
co
rd
 d
at
a 
in
 a
n 
or
ga
ni
se
d 
w
ay
.
   
C
on
cl
us
io
n
Ep
ist
em
ic
 a
nd
 p
ro
ce
du
ra
l: 
U
nd
er
sta
nd
in
g 
th
e 
ha
rd
 
sc
aff
ol
d 
“d
iff
er
en
ce
 b
et
w
ee
n 
re
su
lts
, c
on
cl
us
io
n,
 a
nd
 
di
sc
us
sio
n”
 b
y 
w
at
ch
in
g 
an
d 
ev
al
ua
tin
g 
a 
vi
de
o 
ab
ou
t 
th
es
e 
di
ffe
re
nc
es
. M
ak
in
g 
ex
er
ci
se
s o
n 
th
e 
ha
rd
 sc
aff
ol
d,
 
su
ch
 a
s d
ra
w
in
g 
a 
co
nc
lu
sio
n 
ba
se
d 
on
 d
at
a.
 
   
Al
l p
ha
se
s
U
nd
er
sta
nd
in
g,
 b
ei
ng
 a
bl
e 
to
 su
pp
or
t p
up
ils
, a
nd
 v
al
ui
ng
 so
ft 
sc
aff
ol
di
ng
 b
y 
w
at
ch
in
g 
a 
vi
de
o 
w
ith
 e
xa
m
pl
es
 o
f t
he
 d
iff
er
en
t s
te
ps
 o
f s
of
t s
ca
ffo
ld
in
g 
an
d 
pr
ac
tis
in
g 
th
es
e 
in
 p
ai
rs
 (d
ia
gn
os
tic
 st
ra
te
gi
es
, c
he
ck
in
g 
di
ag
no
se
s, 
gi
vi
ng
 c
on
tin
ge
nt
 su
pp
or
t, 
an
d 
ch
ec
ki
ng
 le
ar
ni
ng
 o
f p
up
ils
; V
an
 d
e 
Po
l, 
Vo
lm
an
, O
or
t, 
&
 B
ei
sh
ui
ze
n,
 2
01
4)
. G
iv
in
g 
co
nt
in
ge
nt
 su
pp
or
t i
n 
th
e 
th
ird
 st
ep
 o
f s
of
t s
ca
ffo
ld
in
g 
by
 p
ra
ct
isi
ng
 a
sk
in
g 
qu
es
tio
ns
 c
on
ne
ct
ed
 to
 e
ac
h 
co
m
po
ne
nt
 o
f B
lo
om
’s 
co
gn
iti
ve
 ta
xo
no
m
y 
of
 le
ar
ni
ng
, s
uc
h 
as
 “a
pp
ly
in
g”
, “
an
al
ys
in
g”
, a
nd
 “e
va
lu
at
in
g”
, a
nd
 c
om
pa
rin
g 
th
es
e 
qu
es
tio
ns
 to
 e
xa
m
pl
e 
qu
es
tio
ns
 (W
ism
an
s, 
Sl
ot
, &
 B
as
tin
gs
, 2
01
3)
.
   
Professionalising primary school teachers in guiding inquiry-based learning
133
C
ha
pt
er
 5
Fr
om
 4
 
to
 5
Al
l p
ha
se
s
Re
ad
in
g 
an
 a
rt
ic
le
 a
bo
ut
 a
sk
in
g 
qu
es
tio
ns
 (W
ism
an
s e
t a
l.,
 2
01
3)
 a
nd
 a
 w
eb
sit
e 
ab
ou
t B
lo
om
’s 
co
gn
iti
ve
 ta
xo
no
m
y 
of
 le
ar
ni
ng
 (h
ttp
s:/
/
ta
le
nt
sti
m
ul
er
en
.n
l/t
he
m
a/
sti
m
ul
er
en
d-
sig
na
le
re
n/
rij
ke
-le
er
ac
tiv
ite
ite
n/
bl
oo
m
). 
Pr
ac
tis
in
g 
so
ft 
sc
aff
ol
di
ng
 in
 te
ac
he
rs’
 o
w
n 
cl
as
sr
oo
m
 a
nd
 o
bs
er
vi
ng
 
w
he
th
er
 p
up
ils
 a
re
 a
bl
e 
to
 c
on
tin
ue
 w
ith
 th
ei
r i
nv
es
tig
at
io
n 
af
te
r t
he
 so
ft 
sc
aff
ol
di
ng
.
   
5
Al
l p
ha
se
s
Im
pr
ov
in
g 
so
ft 
sc
aff
ol
di
ng
 b
y 
ev
al
ua
tin
g 
pa
rt
ic
ip
an
ts’
 o
w
n 
cl
as
sr
oo
m
 e
xa
m
pl
es
 o
f s
of
t 
sc
aff
ol
di
ng
 fo
llo
w
ed
 b
y 
a 
gr
ou
p 
di
sc
us
sio
n.
   
Pr
es
en
ta
tio
n/
 
co
m
m
un
ic
a-
tio
n
So
ci
al
: U
nd
er
sta
nd
in
g 
w
hi
ch
 e
le
m
en
ts 
sh
ou
ld
 b
e 
in
cl
ud
ed
 in
 a
 re
se
ar
ch
 p
re
se
nt
at
io
n 
by
 d
isc
us
sin
g 
th
e 
co
nt
en
t 
an
d 
go
al
s o
f t
he
 sc
aff
ol
d 
“p
re
se
nt
in
g 
an
 in
qu
iry
” 
an
d 
co
m
pa
rin
g 
th
es
e 
to
 a
 c
la
ss
ro
om
 v
id
eo
 o
f a
 re
se
ar
ch
 
pr
es
en
ta
tio
n 
by
 p
up
ils
.
   
D
ee
pe
ni
ng
/ 
br
oa
de
ni
ng
U
nd
er
sta
nd
in
g 
ho
w
 to
 d
ee
pe
n 
or
 b
ro
ad
en
 p
up
ils
’ 
kn
ow
le
dg
e 
by
 ta
ki
ng
 p
ar
t i
n 
an
 a
ct
iv
ity
 a
bo
ut
 th
e 
so
ci
o-
sc
ie
nt
ifi
c 
iss
ue
 o
f “
dr
iv
in
g 
ch
ild
re
n 
to
 sc
ho
ol
 
or
 n
ot
”,
 re
la
te
d 
to
 th
e 
th
em
e 
of
 “p
er
ce
pt
io
n 
an
d 
ac
tio
n”
 th
at
 p
ar
tic
ip
an
ts 
co
ul
d 
us
e 
in
 th
ei
r o
w
n 
cl
as
sr
oo
m
s.
   
D
isc
us
sin
g 
im
po
rt
an
t c
om
po
ne
nt
s t
o 
ta
ke
 in
to
 a
cc
ou
nt
 
w
he
n 
im
pl
em
en
tin
g 
an
 e
du
ca
tio
na
l i
nn
ov
at
io
n,
 su
ch
 a
s 
su
ffi
ci
en
t 
tim
e 
an
d 
av
ai
la
bi
lit
y 
of
 r
es
ou
rc
es
 (
El
y, 
19
90
; 
Fu
lla
n,
 2
00
7)
. 
   
D
isc
us
sin
g 
ho
w
 to
 o
ve
rc
om
e 
di
ffi
cu
lti
es
 w
he
n 
im
pl
em
en
tin
g 
in
qu
iry
-b
as
ed
 le
ar
ni
ng
 in
 te
ac
he
rs’
 
ow
n 
sc
ho
ol
s.
*N
ot
e.
 A
ct
iv
iti
es
 th
at
 w
er
e s
im
ila
r i
n 
ea
ch
 co
ur
se
 m
ee
tin
g 
w
er
e a
dd
re
ss
ed
 in
 T
ab
le
 5
.3
 a
nd
 a
re
, t
he
re
fo
re
, n
ot
 p
ar
t o
f t
hi
s A
pp
en
di
x:
 re
tr
ie
vi
ng
 p
rio
r k
no
w
le
dg
e o
f t
he
 
pe
da
go
gi
ca
l f
ra
m
ew
or
k 
an
d 
sc
aff
ol
ds
 th
at
 w
er
e 
di
sc
us
se
d 
in
 p
re
vi
ou
s c
ou
rs
e 
m
ee
tin
gs
 (S
M
K
 a
nd
 P
C
K
); 
di
sc
us
sin
g 
th
e 
go
al
s o
f e
ac
h 
ha
rd
 sc
aff
ol
d 
fo
r p
up
ils
, p
up
ils
’ 
di
ffi
cu
lti
es
 o
r (
m
is)
co
nc
ep
tio
ns
 re
la
te
d 
to
 th
e 
sc
aff
ol
ds
, a
nd
 te
ac
he
rs’
 id
ea
s a
bo
ut
 th
e 
im
pl
em
en
ta
tio
n 
of
 e
ac
h 
sc
aff
ol
d 
(P
C
K
); 
pr
ep
ar
in
g 
le
ss
on
 p
la
ns
 (P
C
K
); 
gu
id
in
g 
in
qu
iry
-b
as
ed
 le
ss
on
s i
n 
te
ac
he
rs’
 o
w
n 
cl
as
sr
oo
m
s (
PC
K
 a
nd
 a
tti
tu
de
); 
ex
ch
an
gi
ng
 c
la
ss
ro
om
 e
xp
er
ie
nc
es
 (P
C
K
); 
an
d 
re
fle
ct
in
g 
on
 a
cq
ui
re
d 
kn
ow
le
dg
e 
an
d 
at
tit
ud
e 
(S
M
K
, P
C
K
, a
tti
tu
de
). 
**
N
ot
e.
 Th
e 
la
te
st 
ve
rs
io
ns
 o
f t
he
 h
ar
d 
sc
aff
ol
ds
 c
an
 b
e 
re
tr
ie
ve
d 
fro
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In the previous chapters, the professionalisation of primary school teachers in inquiry-
based science education (IBSE) was elaborated. A pedagogical framework was developed 
to provide teachers with guidelines to support their pupils’ inquiry process (chapter 3). 
Subsequently, scaffolds were connected to the pedagogical framework to facilitate the 
implementation of the framework and promote pupils’ self-directed learning (chapter 
4). In addition, a teacher professional development (TPD) programme was developed 
to professionalise teachers in understanding and guiding open inquiry-based learning 
(chapter 5). 
  In the current chapter, I will first address the aim of the thesis. Subsequently, I will 
draw conclusions and I will provide the limitations of the thesis and recommendations 
for future research and educational practice.
6.1 Aim of the thesis and research questions
The general aim of this thesis was to professionalise primary school teachers in open 
IBSE, as they lack understanding and confidence to guide inquiry processes (Harlen 
& Holroyd, 1997; Murphy, Neil, & Beggs, 2007; Yoon, Joung, & Kim, 2012; Zion, 
Cohen, & Amir, 2007). To contribute to this general aim, the thesis includes a chapter 
with current discussions concerning IBSE (chapter 2). An important discussion was 
the focus on knowledge and/or skills in education. After studying the value of domain 
specific knowledge (e.g., Hirsch, 2016; Young, 2016) and 21st century skills (e.g., 
Creemers, 2014; Lai & Viering, 2012), I concluded that both pupils’ knowledge and 
skills are important to be developed during inquiry-based learning. In addition, I 
included active thinking and responsibility for learning as essential elements of inquiry-
based science instruction (Minner, Levy, & Century, 2010) and concluded that teachers 
should be professionalised to guide open IBSE. Subsequently, I addressed the following 
research questions in chapters 3, 4 and 5.
1) How can primary school teachers support their pupils during open IBSE?
2) How does teacher implementation of hard and soft scaffolds contribute to pupils’ 
self-directed learning during open inquiry? 
3) Whether and to what extent does a TPD programme, based on a pedagogical 
framework for inquiry-based learning combined with hard and soft scaffolds, 
contribute to primary school teachers’ knowledge of and attitudes towards IBSE?
The research questions will be answered in the subsequent paragraphs. To answer the 
first research question, I will explain how a pedagogical framework was developed for 
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teachers to support their pupils during IBSE. Subsequently, I will address the second 
research question by describing hard and soft scaffolds and explaining how teacher 
implementation of these scaffolds during the inquiry process promoted pupils’ self-
directed learning. Finally, to answer the third research question, I will discuss whether 
and how a TPD programme based on the pedagogical framework and scaffolds, 
contributed to teachers’ knowledge and attitude towards IBSE.
6.2 Professionalising teachers in open IBSE
Supporting Primary School Pupils during Inquiry-based Learning
In the current thesis, open inquiry-based learning is elaborated. During open inquiry, 
pupils formulate their own research question, and design and conduct their own 
investigations. Although pupils guide their own inquiry process, they need the support 
of their teacher to overcome challenges and improve their understanding (Alfieri, Brooks, 
Aldrich, & Tenenbaum, 2011). For example, when they measure data or write down 
their results (Zion et al., 2007). Unfortunately, teachers lack confidence in teaching 
science (Harlen & Holroyd, 1997; Murphy et al., 2007) and have difficulty guiding 
the different phases of open inquiry, such as designing investigations and drawing 
conclusions (Yoon et al., 2012). 
  To facilitate primary school teachers to support their pupils during open IBSE and 
answer the first research question of this thesis, a pedagogical framework was developed. 
The different phases of inquiry of Van Graft and Kemmers (2007) formed the basis 
for the framework. These inquiry phases are: introduction; exploration; designing the 
investigation; conducting the investigation; conclusion, presentation/communication, 
deepening/broadening. To determine how pupils’ understanding of the inquiry process 
could be developed in each phase of inquiry, different studies were analysed: a vision on 
scientific literacy (Durant, 1993); a research synthesis about science learning, science 
education, and the nature of science (Duschl, 2008); and a meta-analysis in which 
inquiry-based science teaching was investigated (Furtak, Seidel, Iverson, & Briggs, 
2012). Both Durant (1993) and Duschl (2008) differentiated between similar domains 
of scientific knowledge (conceptual, epistemic, and social) when defining scientific 
literacy (Durant) and investigating important elements for science education (Duschl). 
To distinguish understanding procedures from understanding how scientific knowledge 
is generated, Furtak et al. (2012) used a fourth procedural domain. In the current thesis, 
I focused on these four domains of scientific knowledge to be addressed during inquiry-
based learning. 
  However, the studies that were used to select the domains of scientific knowledge 
for the current thesis, did not clarify when each domain of scientific knowledge should 
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be addressed during pupils’ inquiry process. Therefore, it was investigated which 
combinations of inquiry phases and domains of scientific knowledge would facilitate 
pupils to proceed within and between inquiry phases (see chapter 3). Videos of inquiry-
based lesson modules of Science Education Hub Radboud University were analysed 
to find successful combinations of phases and domains. The results showed that the 
teachers who implemented the inquiry-based lesson modules of the Science Education 
Hub, focused on all four domains of scientific knowledge before the pupils conducted 
their investigations. After introducing the inquiry-based lesson module and referring 
to authentic research (epistemic domain), the conceptual domain was addressed in the 
exploration phase of inquiry, and the procedural, epistemic, and social domain were 
clarified during the design of the investigations. By improving pupils’ knowledge of the 
four domains, pupils were able to explore the topic of investigation and design their 
own inquiries. From conducting the investigation onwards, the domains of scientific 
knowledge were addressed a second time in order for pupils to collect data, process results 
and draw conclusions (procedural domain), differentiate between data, conclusions, and 
discussion (epistemic domain), and present their own inquiries (social domain). Based 
on these results, the pedagogical framework was further developed. In the framework, 
teacher interventions were described to support pupils in each phase of inquiry. For 
example, explaining design criteria of a proper investigation and facilitating pupils’ 
collaboration by dividing roles, such as chairman, were teacher interventions to support 
pupils in the design phase of inquiry. Primary school teachers can use the framework 
to promote pupils’ ability to design and conduct investigations, which answers the first 
research question of this thesis.
  The developed framework extends current understanding about guiding open 
inquiry-based learning by connecting specific domains of scientific knowledge to each 
phase of inquiry. In a meta-analysis of Furtak et al. (2012), the domains of scientific 
knowledge were used to differentiate between inquiry-based activities. Furtak et al. 
concluded that epistemic activities or a combination of epistemic, social, and procedural 
activities increased pupils’ inquiry-based achievements the most. The current thesis 
contributes to that conclusion by clarifying that each domain of scientific knowledge is 
important to address during inquiry-based learning. By focusing on specific domains of 
scientific knowledge in each phase of inquiry, primary school teachers can support their 
pupils during inquiry-based learning. 
Hard and Soft Scaffolds to Stimulate Pupils’ Self-directed Learning during Open 
Inquiry
Although the pedagogical framework included teacher interventions to increase pupils’ 
understanding in each inquiry phase, the teachers lacked concrete tools to support 
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their pupils’ inquiry process. Therefore, scaffolds were developed to facilitate the 
implementation of the pedagogical framework in classroom practice. In a multiple 
case study described in chapter 4, the scaffolds were connected to the successful 
combinations of inquiry phases and domains of scientific knowledge described in the 
pedagogical framework. Both hard scaffolds (concrete documents) and soft scaffolds 
(support when pupils have difficulties during their learning process) were used (Saye & 
Brush, 2002). As pupils’ responsibility for learning is an important element of inquiry-
based science instruction (Minner et al., 2010), self-directed learning was included in 
the study. To answer the second research question of this thesis, it was investigated 
how teacher implementation of the hard and soft scaffolds contributed to pupils’ self-
directed learning. 
  Four cases were observed in which the teachers implemented the hard and soft 
scaffolds while guiding an inquiry-based lesson module of about 10 lessons in their 
own classrooms. The results showed that implementing the hard scaffolds contributed 
to pupils’ understanding of the domains of scientific knowledge in each inquiry phase. 
Pupils were enabled to design and conduct investigations in order to answer their own 
research questions. The teachers prepared the learning process by providing instructions 
to understand each hard scaffold in its corresponding inquiry phase. Subsequently, 
pupils used the scaffolds to design and conduct their own investigations. The teachers 
provided soft scaffolds to remind pupils of the hard scaffolds or to give additional 
explanations about the hard scaffolds throughout the phases of inquiry. Both the pupils 
and their teacher regulated the inquiry process. After introducing and explaining the 
hard scaffolds connected to the pedagogical framework of inquiry phases and domains 
of scientific knowledge, and by providing soft scaffolds during the inquiry process, the 
teachers were able to share the direction of the inquiry process with their pupils. This 
answers the second research question of the thesis.
  The current study contributes to existing literature about scaffolding by 
implementing scaffolds that each focus on a successful combination of domain of 
scientific knowledge and phase of inquiry. The most successful scaffolds to improve 
pupils’ self-directed learning during open inquiry were the “question machine” and 
“presenting an inquiry”. It is striking that these two scaffolds both inform pupils about 
a domain of scientific knowledge, namely the procedural and social domain, and 
directly enable pupils to apply this knowledge to their own investigations. The scaffold 
“question machine” includes different criteria for a good research question in order to 
judge the quality of a research question. In addition, the scaffold activates pupils to 
improve their own research question. The hard scaffold “presenting an inquiry” contains 
elements that should be included in a presentation about an investigation combined 
with actions that pupils can take to compose their research presentations. For example, 
“Hypothesis. Explain what you thought the answer to the research question would be.” 
The importance of activating pupils during the inquiry process is in line with the study 
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of Minner et al. (2010). They conducted a research synthesis and established active 
learning as an important part of inquiry-based science instruction. By designing scaffolds 
that both improve pupils’ knowledge and activate them to apply their knowledge, pupils 
will be enabled to understand the inquiry process and design and conduct their own 
investigations.
 Teacher implementation of hard and soft scaffolds enabled pupils in the current 
thesis to understand the inquiry process, solve their own problems and guide their own 
learning. However, in the study described in chapter 4, the teachers sometimes answered 
questions of pupils without reminding them to use a hard scaffold with which they 
could solve their own problems. Teachers’ difficulties in implementing soft scaffolding 
are visible in other studies as well. For example, in the study of Saye and Brush (2002), 
a teacher had difficulties providing soft scaffolds, even after implementing a problem-
based lesson module in her classroom. In addition, the study of Van de Pol, Volman, 
Oort, and Beishuizen (2014) showed that even after extensive training, soft scaffolding 
was difficult for teachers.
Developing and Implementing a TPD programme to Understand and Guide 
Inquiry-based Learning
To facilitate the implementation of the pedagogical framework and scaffolds, a TPD 
programme on inquiry-based learning was developed. To answer the third research 
question of this thesis, it was investigated whether and to what extent the TPD 
programme contributed to teachers’ knowledge and attitude towards IBSE. The different 
components of the TPD programme are included in Figure 6.1, which describes domains 
of teacher professionalisation in inquiry-based learning. 
 The pedagogical framework described in chapter 3 of the thesis and corresponding 
scaffolds described in chapter 4 provided a base for the TPD programme and formed 
the external domain of Figure 6.1. The knowledge, skills, and attitude in the teachers’ 
personal domain were influenced via videos and exercises to understand the pedagogical 
framework and scaffolds in five course meetings of about 2,5h each. The activities in the 
course meetings addressed active learning (Minner et al., 2010) and combined hands-
on actions with minds-on reflections (Van den Berg, 2010). At the end of each course 
meeting, the teachers developed lesson plans for the inquiry-based lesson module about 
perception and action that they implemented in classroom practice during the TPD 
programme. In these lesson plans, they incorporated their conclusions on observations 
of pupils’ difficulties and achievements. For example, by planning to further elaborate 
specific criteria of the hard scaffold “question machine” when their pupils had difficulties 
formulating and improving their own research questions. In addition, they brought 
their pupils’ inquiry products, such as research plans, to the course meetings of the 
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TPD programme to discuss how to improve pupils’ achievements. The teachers reflected 
on how the implementation of the lessons influenced their own knowledge, skills and 
attitude towards inquiry-based learning. Finally, the teachers reflected on changes in 
their personal domain that influenced their observations of pupils’ achievements, for 
example, by understanding that it is important to focus on each pupils’ learning process, 
instead of only observing achievements of each group of pupils.
  In the study described in chapter 5 of the thesis, the influence of the TPD 
programme on teachers’ knowledge and attitude towards inquiry-based learning 
was investigated. Before and after the teachers participated in the TPD programme, 
their subject matter knowledge (SMK), pedagogical content knowledge (PCK), and 
attitude were measured. To answer the third research question of the current thesis, 
it can be concluded that the TPD programme contributed to improvements in 
teachers’ knowledge of and attitude towards inquiry-based learning. The PCK, attitude, 
conceptual SMK, and social SMK of the teachers in the experimental group increased 
Figure 6.1: 
Four domains of teacher professionalisation in inquiry-based learning, based on the interconnected model 
of professional growth of Clarke and Hollingsworth (2002).
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compared to the control group. The teachers explained that the support during the TPD 
programme positively contributed to their enthusiasm towards inquiry-based learning 
(attitude), their understanding of how to guide pupils during inquiry-based learning 
(PCK), and their intention to guide inquiry-based lessons after the TPD programme 
had ended (attitude). The teachers’ conceptual SMK increased, because they elaborated 
their knowledge on the relations between perception and action, which were centralised 
in the inquiry-based lesson module. They already had social SMK about promoting 
collaboration and communication in primary education, but had learned during the 
TPD programme to connect this knowledge to doing research.
  Understanding inquiry-based learning by means of hard scaffolds and 
implementing the inquiry-based lesson module in classroom practice were highly valued 
components of the TPD programme. By doing exercises related to the topics on the hard 
scaffolds, the teachers improved their own understanding of the domains of scientific 
knowledge in each inquiry phase. They, for example, recorded data while watching 
a video about pupils’ music preferences during exercise and discussed possibilities to 
record data in an organised way (procedural domain in the inquiry phase “conducting 
the investigation”). This combination of hands-on activities with minds-on reflections 
to improve understanding of the inquiry process is addressed by Van den Berg (2010) 
as well. He explained that pupils should be stimulated to reflect on hands-on activities 
to improve their understanding of inquiry and the topic of investigation. The results 
described in chapter 5 contribute to this recommendation by illustrating the importance 
of hands-on activities combined with minds-on reflections to influence teachers’ 
professional development. 
   During the meetings of the TPD programme, the participating teachers 
collaborated to evaluate videos of classroom inquiry lessons and discussed how to 
support pupils by implementing the hard scaffolds. In addition, they elaborated their 
own experiences in implementing the inquiry-based lesson module, and evaluated 
pupils’ classroom products. In this way, they actively constructed their knowledge about 
guiding inquiry-based learning. Active collaborative learning has a positive effect on 
pupils’ achievements (Minner et al., 2010; Schroeder, Scott, Tolsen, Huang, & Lee, 
2007) and enabled teachers in the current study to understand domains of scientific 
knowledge combined with phases of inquiry that were part of each hard scaffold. In 
addition, it improved their understanding about guiding inquiry-based learning, and 
resulted in a positive attitude towards IBSE.
6.3 Limitations and considerations
In this thesis, the implementation of hard and soft scaffolds by primary school teachers 
during inquiry-based learning was investigated. Scaffolds should be gradually faded 
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(Lajoie, 2005; Smit, Eerde, & Bakker, 2013) as pupils become more capable to direct 
their own inquiry process. This implies that the pupils in the studies described in the 
current thesis should have participated in several inquiry-based lesson modules to 
enable the fading of scaffolds. However, it was only possible for the teachers and their 
pupils to participate in one inquiry-based lesson module of about 5 to 12 lessons. The 
amount of these lessons varied, as there were different lesson modules and each teacher 
could decide how to implement the lesson module in classroom practice. These lessons 
replaced other lessons in the specific trimester that the teacher chose to implement the 
lesson module. Although the participating schools were interested to know more about 
inquiry-based learning, it was not yet an established part of the curriculum. Therefore, 
it was not possible for the teachers in the studies of the current thesis to guide several 
inquiry-based lesson modules. Although implementing several cycles of inquiry-based 
lessons in the curriculum of primary schools is difficult, it is an important step towards 
facilitating IBSE in primary education.
 The pedagogical framework and the scaffolds were used as a base for developing 
a TPD programme. In the TPD programme, it was important to combine hands-on 
activities with minds-on reflections about these activities to improve teachers’ SMK. 
Although the hard scaffold “combining theory and practice” was used to explain 
the importance of hands-on activities combined with minds-on reflections in the 
exploration phase of inquiry, the value of enabling pupils to reflect on their actions was 
not explicitly addressed throughout the TPD programme. This could be considered a 
limitation, as research shows that teachers who enable pupils to do practical work, not 
often stimulate them to reflect on their activities (Abrahams & Millar, 2008). Abrahams 
and Millar investigated practical work during science lessons and concluded: “There was 
little evidence that the cognitive challenge of linking observables to ideas is recognised 
by those who design practical activities for science lessons” (Abrahams & Millar, 2008, 
p. 1945). Although the hard scaffolds promoted pupils’ thinking about their inquiry 
process, the importance of facilitating hands-on activities combined with stimulating 
pupils’ minds-on reflections should have been explicated more throughout the TPD 
programme.
  In the empirical study about the TPD programme (see chapter 5), teachers’ 
subject matter knowledge (SMK), their pedagogical content knowledge (PCK), and their 
attitude towards inquiry-based learning were measured. Although teachers’ conceptual 
and social SMK increased in addition to their PCK and attitude, their epistemic and 
procedural SMK did not improve significantly. The procedural SMK was measured by 
asking participants to design their own investigation based on a research question that 
they received. However, the TPD programme did not facilitate teachers to design and 
conduct investigations, but included separate procedural elements, such as formulating 
a research question. As the teachers did not design and conduct their own investigations, 
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their result on the procedural SMK test did not improve significantly after participating 
in the TPD programme. 
 The epistemic SMK in the current thesis focused on the generation of scientific 
knowledge and addressed the tentativeness of scientific findings, the importance of 
creativity throughout the inquiry process, and the difference between observations and 
inferences. In the TPD programme, teachers watched a video about these elements and 
discussed epistemic hard scaffolds, such as the “difference between results, conclusion 
and discussion”. As improving epistemic SMK takes time (Akerson & Hanuscin, 2007) 
and the time spent on promoting it was limited during the TPD programme, the 
teachers’ epistemic SMK did not improve. In addition, literature suggests that explicit 
attention to epistemic SMK is more effective than an implicit approach (Khishfe & 
Abd-El-Khalick, 2002; Murphy, Kilfeather, & Murphy, 2007). Therefore, it should have 
been addressed more explicitly and frequently throughout the TPD programme. 
  The TPD programme enabled teachers to improve their content knowledge 
and promoted their inquiry skills, such as formulating a research question. The teachers 
increased their knowledge about guiding their pupils during inquiry-based learning and 
applied this knowledge by implementing an inquiry-based lesson module in their own 
classrooms. However, most of the SMK tests and the PCK test in the study described in 
chapter 5, measured teachers’ knowledge, but not their skills. When the teachers would 
have been facilitated to design and conduct their own investigations during the TPD 
programme, their application of SMK to their own inquiries could have been observed. 
Subsequently, it could have been investigated whether teachers’ inquiry skills influenced 
their support of pupils during inquiry-based learning. In addition, by observing teachers 
as they implemented the inquiry-based lesson module in classroom practice, their skills 
in guiding their pupils during inquiry-based learning could have been measured. This 
would have provided insight into the influence of the TPD programme on teaching 
strategies in classroom practice.
6.4 Future research
In the study described in chapter 3, inquiry-based lesson modules of Science Education 
Hub Radboud University were implemented in classroom practice. These lesson 
modules were composed by primary school teachers in collaboration with scientists and 
employees of the Science Education Hub. Based on video analyses of the inquiry-based 
lessons, a pedagogical framework was developed that teachers can use to support their 
pupils during inquiry-based learning. To further validate the pedagogical framework, 
the combinations of domains of scientific knowledge and inquiry phases should be 
investigated in other contexts. Examples of other contexts are inquiry-based lesson 
modules that are developed and implemented by primary school teachers without 
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collaboration with a Science Education Hub, and inquiry-based lesson modules in 
which younger or older pupils participate than the upper primary school pupils in this 
thesis.
 The pedagogical framework includes important domains of scientific knowledge 
to address during inquiry-based learning. However, pupils’ attitude is not taken into 
account. In the chapter about current discussions on IBSE (see chapter 2), I described 
that researchers recommend inquiry-based learning as a way of promoting pupils’ attitude 
towards science, because pupils enjoy doing hands-on activities, practical work and 
conducting experiments to find out how things work (Braund & Driver, 2005; Gibson 
& Chase, 2002; Jalil, Abu Sbeih, Boujettif, & Barakat, 2009; Murphy & Beggs, 2003). 
As pupils’ attitude is addressed via hands-on activities throughout the inquiry process, it 
is not included in the pedagogical framework. However, it is possible that pupils’ attitude 
fluctuates during the inquiry process. Since intrinsic motivation and involvement have a 
positive effect on pupils’ learning (Laevers, 2000), it would be interesting to investigate 
pupils’ attitude and how it can be positively affected throughout the inquiry process.
  After developing the pedagogical framework, hard and soft scaffolds were 
connected to the framework. The most appreciated hard scaffolds in the study described 
in chapter 4 were the “question machine” and “presenting an inquiry”, because they 
both informed pupils about elements of the inquiry process, and activated them to 
apply this knowledge to their own investigations. To further support pupils’ inquiry 
process, other successful features of hard scaffolds should be investigated to facilitate 
pupils as they proceed with their investigations.
  In the current thesis, I concluded that teachers directed the preparation 
of the inquiry process by explaining hard scaffolds, pupils designed and conducted 
investigations together with their teachers by applying the hard scaffolds, and both 
pupils and their teachers regulated the inquiry process. For future research, it would be 
interesting to find out how pupils’ self-directed learning could be further promoted. In 
addition, as soft scaffolding is not easy to implement (Saye & Brush, 2002; Van de Pol et 
al., 2014), and teachers used soft scaffolds to enable pupils to solve their own problems 
during the inquiry process, but also directly answered pupils’ questions (see chapter 4), 
it is recommended to conduct more investigations about TPD on soft scaffolding.
 In the TPD programme described in chapter 5, both teachers’ knowledge and 
their skills were addressed. For example, by explaining the formulation of a research 
question by means of the hard scaffold “question machine” and stimulating the teachers 
to practise formulating and improving their own research questions. Research suggests 
that addressing teachers’ own research skills by enabling scientific investigations during 
TPD on inquiry-based learning, stimulates a more informed view on inquiry (Capps 
& Crawford, 2013). Capps and Crawford involved their participants in an authentic 
scientific investigation about geology and evolution. The teachers’ view on inquiry was 
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measured via an online questionnaire and interviews with open questions about inquiry 
and the nature of science. However, similar to most of the tests and questionnaires in 
chapter 5 of this thesis, Capps and Crawford did not measure teachers’ inquiry skills. 
When teachers’ inquiry skills are measured, it can be investigated whether these skills are 
related to teachers’ ability to support pupils during inquiry-based learning. Therefore, it 
is recommended to measure teachers’ inquiry skills in addition to their SMK, PCK and 
attitude towards inquiry-based learning.
 As part of the TPD programme, the participating teachers implemented an 
inquiry-based lesson module in classroom practice and collected pupils’ products to 
discuss during course meetings. However, pupils’ achievements were not measured. For 
future research, I recommend investigating pupils’ learning process and achievements to 
elaborate how improvements in teachers’ SMK, PCK, and attitude contribute to pupils’ 
achievements regarding inquiry-based learning.
  After the TPD programme, almost all participating teachers intended to 
guide inquiry-based lessons more often. For future research, it would be interesting 
to investigate to what extent participants of a TPD programme about inquiry-based 
learning continue guiding inquiry processes in the years following the TPD programme, 
which difficulties they face during the implementation of these lessons and how these 
can be overcome.
6.5 Implications for practice
The combination of inquiry phases and domains of scientific knowledge described in 
chapter 3 of the current thesis, facilitated pupils to proceed with their inquiry process. 
This implies that primary school teachers can focus on the same combinations of phases 
and domains when supporting their pupils during inquiry-based learning. Before the 
start of pupils’ investigations, each domain of scientific knowledge can be addressed 
as follows: epistemic (phase 1) – conceptual (phase 2) – procedural, epistemic, social 
(phase 3). Subsequently, starting the investigations of the pupils onwards: procedural 
(phase 4/5) – epistemic (phase 5) – social (phase 6), all domains or specific choices 
(phase 7). Pupils’ ability to proceed within and between inquiry phases was promoted 
via teacher interventions, such as asking and explaining pupils how to measure precisely 
and how to take organised notes. In chapter 3, teacher interventions are described for 
each combination of inquiry phase and domain of scientific knowledge to promote 
pupils’ ability to proceed with their investigations. However, teachers can address other 
or additional combinations of domains and phases, taking into account their specific 
context of inquiry-based learning. In Appendix E, practical recommendations for 
guiding an inquiry-based lesson module are provided. 
  In the study described in chapter 4, teachers were able to use hard scaffolds 
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connected to the pedagogical framework to improve pupils’ understanding of the 
inquiry process and their ability to design and conduct their own investigations. When 
teachers plan to develop additional scaffolds, they should focus on improving both 
pupils’ knowledge and skills, as the most successful hard scaffolds in the current thesis 
both informed pupils about elements of the inquiry process and activated them to apply 
this knowledge to their own investigations. An example of a hard scaffold that teachers 
can use as a base for developing their own scaffolds is the “question machine”. This 
scaffold addressed pupils’ understanding of different criteria that a research question 
should meet, such as “is it a singular question?” In addition, pupils applied the criteria 
of the question machine to judge and improve their own research questions. In that way, 
a direct connection was made between pupils’ knowledge about formulating research 
questions, and their ability to improve the research question that they formulated as 
part of their own inquiry process. By combining hard scaffolds with soft scaffolds, such 
as reminding pupils to use hard scaffolds to solve problems during the inquiry process, 
teachers can further promote pupils’ self-directed learning. In addition, teachers should 
guide several inquiry-based lesson modules and gradually fade the scaffolds as pupils 
increase their understanding of the inquiry process.
  During the implementation of the TPD programme, the teachers appreciated 
the hard scaffolds to learn about the inquiry process and to apply this knowledge when 
guiding an inquiry-based lesson module in their own classrooms. This implies that 
teacher trainers should include hard scaffolds when developing a TPD programme 
about inquiry-based learning. In addition, they should include practising and improving 
soft scaffolding throughout teachers’ professional development, as the teachers who 
participated in the study described in chapter 4 used soft scaffolds to support their 
pupils, but also directly answered pupils’ questions without soft scaffolding.
 In the TPD programme, hands-on activities were provided combined with 
minds-on reflections to influence teachers’ SMK. In the exploration phase of inquiry, 
for example, the teachers were enabled to participate in activities about perception 
and action that they could use in their own classrooms. In these activities, the teachers 
experienced the concepts of perception and action hands-on, such as throwing an object 
to a target while looking through a periscope. These activities were linked to a theoretical 
model describing the relations between perception and action to stimulate teachers’ 
reflections about these concepts and their connections. As the hands-on activities 
combined with mind-on reflections about perception and action positively influenced 
teachers’ conceptual SMK, these results imply that teacher trainers should include 
both when designing a TPD programme about inquiry-based learning. In addition, 
teacher trainers should address the importance of improving pupils’ reflections during 
their inquiry process throughout the TPD programme, as research shows that teachers 
facilitate practical work, but not always stimulate pupils to reflect on their actions 
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(Abrahams & Millar, 2008).
  In the current thesis, the external domain, personal domain, domain of practice, 
and domain of consequence were distinguished (Clarke & Hollingsworth, 2002) to 
develop a TPD programme about inquiry-based learning (see Figure 6.1). By elaborating 
a pedagogical framework of phases of inquiry combined with domains of scientific 
knowledge and scaffolds (external domain), the knowledge and attitudes of teachers 
(personal domain) were positively influenced. In addition, implementing the pedagogical 
framework and scaffolds in classroom practice (domain of practice) and observing the 
changes in their pupils’ achievements (domain of consequence), contributed to teachers’ 
knowledge and attitude towards inquiry-based learning. These results imply that teacher 
trainers can use the model in Figure 6.1 as a base for developing a TPD programme 
on inquiry-based learning. In the external domain, the pedagogical framework can be 
addressed by explaining scaffolds that each focus on a phase of inquiry combined with 
a specific domain of scientific knowledge (conceptual, epistemic, social or procedural, 
see chapters 3 and 4). To understand each scaffold, hands-on exercises can be combined 
with minds-on reflections, and classroom videos and products can be discussed and 
evaluated. By stimulating teachers to implement an inquiry-based lesson module in 
classroom practice, they can observe pupils’ reactions to the lesson module and their 
achievements during the inquiry process. In addition, the teachers can be stimulated to 
exchange classroom experiences and ideas to further promote the implementation of the 
lesson module in classroom practice and improve their understanding of guiding open 
inquiry.
 The TPD programme presented in chapter 5, enabled teachers to practise their 
inquiry skills, such as formulating a research question or collecting data. However, during 
the TPD programme, the teachers did not design and conduct their own investigations. 
This resulted in a procedural SMK score that did not improve significantly from 
pretest to posttest. As participating in scientific investigations contributes to teachers’ 
knowledge about inquiry (Capps & Crawford, 2013), this implies that teacher trainers 
should include teachers’ own investigations in TPD about inquiry-based learning. In 
addition, I recommend explicit attention to knowledge of NOS and the way scientific 
knowledge is generated (Khishfe & Abd-El-Khalick, 2002; Murphy, Kilfeather et al., 
2007), because teachers’ epistemic knowledge is not improved easily and requires time 
(Akerson & Hanuscin, 2007). By improving teachers’ knowledge, skills, and attitude 
regarding IBSE, they will be enabled to facilitate and support inquiry-based learning in 
their own classrooms. 
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6.7 Appendix E
Recommendations for Developing and Guiding an Inquiry-based Lesson Module
In this Appendix, the results of the investigations described in the current thesis will be 
summarised for primary school teachers. Subsequently, an example of an inquiry-based 
lesson module will be described as it was implemented in classroom practice. Finally, 
practical tips will be provided to guide an inquiry-based lesson module. In addition to 
primary school teachers, this advice can be used by teacher educators to professionalise 
teachers in inquiry-based learning.
Results of the Investigations
How can teachers support their pupils during the process of open inquiry? The studies 
in the current thesis show that teachers can optimise their support by focusing on 
different domains of scientific knowledge: the conceptual, procedural, epistemic, and 
social domain (Duschl, 2008; Furtak et al., 2012). The conceptual domain refers to 
understanding the theme of investigation, such as DNA. Examples of procedures are 
formulating a research question and drawing a conclusion by answering the research 
question. The epistemic domain refers to understanding how scientific knowledge is 
generated. For example, knowing the importance of including enough participants in 
an investigation. Finally, collaborating in a research group and communicating clearly 
about the investigation are part of the social domain.
  The study in chapter 3 shows that it was important to address specific domains 
of scientific knowledge in each phase of inquiry. In the following paragraphs, I will 
illustrate these findings by elaborating an inquiry-based lesson module on DNA and 
heredity that was investigated in classroom practice.
DNA and Heredity in the Classroom
DNA is the genetic material in the cells of plants, animals and humans. In the news, we 
read more and more about this complex molecule in which our unique characteristics 
are recorded, whether it is a new DNA test for a genetic disorder or using DNA to 
trace the perpetrator of a crime. But what is DNA exactly and how is it possible that so 
many of our characteristics are recorded in DNA? In the following classroom example, 
I elaborate an inquiry-based lesson module on DNA and heredity, and describe for each 
phase of inquiry the focus of teacher guidance on one or more domains of scientific 
knowledge.
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Introduction
The teacher first excited the curiosity of the pupils by dividing them in different groups 
according to a physical characteristic, such as hair colour. Subsequently, the teacher 
asked them to divide again according to a second physical characteristic, such as eye 
colour. At the end of the activity, each pupil was standing alone and turned out to have a 
unique combination of physical characteristics. After this activity, the teacher explained 
that the pupils were going to conduct their own investigations linked to DNA and 
heredity. In addition, the teacher addressed the inquiry phases that pupils go through to 
design and conduct their investigations, and explained that these phases are also used by 
real scientists (epistemic domain). 
Exploration
In this inquiry phase, the focus shifted to increasing pupils’ understanding of DNA 
and heredity (conceptual domain). For example, pupils recorded their own DNA via a 
unique colour and letter code that represented their personal physical characteristics, and 
made a mindmap about DNA. In addition, the teacher gave a PowerPoint presentation 
in which elements of DNA and heredity were compared with phenomena in everyday 
life, as is illustrated in the following example about the copying of cells.
 Teacher:  What is that one cell going to do then? 
 Pupil 1:  Multiply. 
 Teacher:  It is going to multiply. So this cell becomes two cells. But what 
information is in that new cell? 
 Pupil 2:  A copy. 
 Teacher:  Right, a copy. Exactly the same. The cells in your body, from when 
you were a baby until now, they copy themselves. Always the same 
information. As a photocopier that is working day and night.
It is important that pupils get to know the theme of the classroom inquiry project well. 
In that way, they can make a distinction between what they already know about DNA 
and heredity, and which questions still remain to be answered via an investigation that 
they will design and conduct.
Designing an Investigation
The questions to which the pupils had not yet received an answer, served as the basis for 
their investigations. A broad question such as: “How does DNA work?”, was turned into 
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a question that could be investigated, such as: “What will the baby of the teacher and 
his girlfriend probably look like?” The last question could be examined by investigating 
the physical characteristics of these people and their families. 
  The teacher supervised the preparation of a research question by giving pupils 
different criteria that the question had to meet, such as: “It is not a question that you 
can quickly answer via the internet” (procedural domain). In addition, the teacher 
explained how pupils could work together and divide tasks within their research groups 
(social domain), and discussed considerations when designing investigations (epistemic 
domain). 
Conducting the Investigation
While pupils held interviews, asked participants to fill in questionnaires, or conducted 
experiments, the teacher stimulated them to measure precisely. For example, by having 
pupils use a scale to measure weight instead of estimating the weight. The organised 
recording of the results was also important, in order to process the results more easily in 
the next inquiry phase.
Conclusion
Many pupils did not draw a conclusion, because the teacher did not pay enough attention 
to this inquiry phase. The group of pupils that conducted the investigation about the 
teacher’s baby did draw a conclusion. They concluded that the baby would probably 
get dark blond hair and blue eyes. In addition to drawing a conclusion by answering 
the research question (procedural domain), it is important in this phase to encourage 
pupils to reflect on their investigation (epistemic domain). In this way, teachers can 
promote pupils’ critical attitude and pupils can take into account their reflections when 
conducting a subsequent investigation. 
Presentation
In this inquiry phase, the teacher gave tips to improve pupils’ presentations, and 
asked pupils to give each other compliments and tips (social domain). For example, 
compliments were given about pupils’ creativity to inform the audience about their 
investigation via a play, film, song or PowerPoint presentation. A tip to improve a 
presentation was to compose a PowerPoint presentation that can be read by everyone in 
the audience. 
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Deepening/Broadening
At the end of the lesson module, the pupils visited the department of Genetics at 
Radboud University. By speaking to researchers in their laboratory (social domain), 
pupils got to know the authentic research practice (epistemic domain), and were able 
to ask questions about DNA (conceptual domain). Moreover, the pupils isolated their 
own DNA from their oral mucosa cells, visible as white strings in a test tube (procedural 
domain).
 Pupil:  Is that white thing the DNA? 
 Researcher:  Yes. 
 Pupil:  So, if you zoomed in on that, would you see my chromosomes? 
 Researcher:  Yes, right.
 
When a visit to a lab is not possible, teachers can further practise difficult elements of 
the inquiry process, and stimulate pupils to think about the social consequences of their 
research.
Supporting Inquiry-based Learning
In the previous section about the lesson module “DNA and heredity”, the focus on 
specific domains of scientific knowledge within each inquiry phase was addressed. 
Similarly, in other lesson modules that I investigated, the focus on the aforementioned 
domains of scientific knowledge proved most successful to guide pupils during the 
inquiry process. In Table 6.1, I have listed these combinations of inquiry phases and 
domains of scientific knowledge. For each successful combination of phase and domain, 
teacher actions to support pupils during their inquiry process, and the goals that pupils 
can achieve, are described. In addition, a tool or hard scaffold is attached to each 
combination of phase and domain. After explaining each hard scaffold to pupils and 
enabling them to practise with the scaffolds, pupils can apply the scaffolds to their 
own investigations and direct their own inquiry process supported by their teacher. 
When pupils have questions during their investigations or are not able to proceed, the 
teacher can provide soft scaffolds by referring to a hard scaffold or providing additional 
explanations about the scaffold when necessary. On the website of Science Education 
Hub Radboud University, information about the different scaffolds is provided (http://
www.ru.nl/wetenschapsknooppunt/english/). 
  By implementing scaffolds that focus on specific domains of scientific 
knowledge in each phase of inquiry, pupils will be enabled to design and conduct their 
own investigations and answer their own questions.
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Table 6.1: Combinations of inquiry phases, domains of scientific knowledge, and scaffolds.
Phase Domain Scaffold Teacher actions Goals for pupils
1 Introduction Epistemic Poster with 
inquiry 
phases
Exciting pupils’ enthusiasm 
via an inspiring activity 
linked to the theme of 
the classroom project. 
Explaining inquiry phases to 
pupils and referring to the 
scientific practice of real 
researchers.   
Being enthusiastic 
about the classroom 
project and 
understanding that, 
just as real researchers, 
they will design 
and conduct an 
investigation.
2 Exploration Conceptual Question 
wall
Asking questions to retrieve 
pupils’ prior knowledge 
about the theme of 
the classroom project. 
Developing pupils’ 
understanding by comparing 
concepts with everyday 
contexts and stimulating 
them to reflect on hands-
on activities. Asking pupils 
which questions remain to 
be investigated.   
Developing an 
understanding about 
the theme of the 
classroom project. 
Differentiating 
between what they 
already know and 
what they still want to 
learn about this theme 
by conducting an 
investigation.
3 Designing an 
investigation
Procedural Question 
machine
Supporting the formulation 
of a research question by 
discussing different criteria 
for a good research question: 
Does the question fit the 
theme? Is it not a question 
you can easily answer via the 
internet? Can you learn from 
it? Is the question precise? 
Can it be conducted by the 
pupils in this classroom?   
Being able to 
formulate and improve 
a research question to 
meet the criteria of a 
good research 
question.
Procedural 
& 
Epistemic
Research 
plan
Discussing the design 
of an investigation in 
which the importance of 
sufficient participants and/or 
measurements is addressed.
Designing the 
investigation and 
making decisions 
about the number of 
participants and/or 
measurements.   
Social Division of 
roles 
Stimulating collaboration of 
pupils by dividing different 
roles. For example, chairman 
and minutes secretary.   
Collaborating by 
performing their role 
within their research 
group.
4 Conducting 
the 
investigation
Procedural Recording 
data
Asking questions and 
discussing how to measure 
precisely via the use of 
instruments, such as a scale 
or measuring tape, and how 
to record results organised in 
a table or overview.
Measuring accurately 
and writing down 
the results clearly 
when conducting an 
investigation.
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5 Conclusion Procedural Difference 
between 
results, 
conclusion, 
and 
discussion    
Discussing how to draw a 
conclusion by selecting the 
most important results to 
answer the research question.
Drawing a conclusion 
by examining the most 
important results and 
answering the research 
question.
Epistemic Difference 
between 
results, 
conclusion, 
and 
discussion   
Discussing the differences 
between results, conclusions, 
and (own) opinions.
Differentiating 
between results, 
conclusions, and 
(own) opinions about 
the investigation.
6 Presentation Social Presenting 
an inquiry
Asking pupils to explain 
their investigations, 
providing feedback after  
each presentation, and 
asking pupils to reflect on 
each presentation.   
Explaining the 
research to 
an audience by giving 
a clear presentation.
7 Deepening/ 
broadening
Broadening 
or 
deepening
All 
scaffolds 
or specific 
choices
Reflecting on the acquired 
knowledge and further 
deepening or broadening 
it. For example, by visiting 
scientists at the university or 
inviting these at school.   
Reflecting and 
further broadening 
or deepening of 
knowledge.
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Summary
This thesis focuses on the role of the primary school teacher in inquiry-based science 
education (IBSE). Chapter 1 elaborates IBSE in which pupils are enabled to design 
and conduct investigations to answer their own research questions. Chapter 2 presents 
a literature study to provide insight into recent developments in the field of IBSE, 
such as focussing on both knowledge and skills to support pupils’ investigations. As 
research shows that teachers have difficulties guiding the open process of inquiry-based 
learning, this thesis presents a pedagogical framework for teachers to support their 
pupils during open IBSE (chapter 3). In chapter 4, scaffolds are combined with the 
pedagogical framework in a multiple case study to promote pupils’ self-directed learning. 
The pedagogical framework and scaffolds formed the basis for a teacher professional 
development programme. Chapter 5 presents a pretest-posttest study regarding the 
influence of this programme on teachers’ knowledge of (guiding) IBSE and their 
attitude towards IBSE. Finally, chapter 6 provides conclusions and implications for 
future research and educational practice. A summary of each of the chapters is presented 
below.
  Chapter 1 clarifies that IBSE has been promoted in several countries via 
projects and programmes that focus on developing materials and activities, and teacher 
professionalisation. In international literature on science education, the need for further 
research on essential components of teacher professionalisation in IBSE is stressed. The 
current thesis analyses how teachers can support their pupils during IBSE and how they 
can be empowered to implement IBSE in classroom practice. The studies described in 
this thesis have been conducted within the context of Science Education Hub Radboud 
University (WKRU) in the Netherlands. This Science Education Hub collaborates with 
researchers, teacher education colleges, primary schools, and science centres to promote 
both pupils’ and teachers’ understanding of and attitude towards inquiry-based learning, 
and to develop activities that can be implemented in primary schools. To articulate the 
role of the teacher in IBSE lessons and to enable teachers to fulfil this role, the thesis 
includes the following research questions:
1) How can primary school teachers support their pupils during open IBSE?
2) How does teacher implementation of hard and soft scaffolds contribute to pupils’ 
self-directed learning during open inquiry? 
3) Whether and to what extent does a TPD programme, based on a pedagogical 
framework for inquiry-based learning combined with hard and soft scaffolds, 
contribute to primary school teachers’ knowledge of and attitudes towards IBSE?
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In chapter 2, a literature study elaborates recent developments concerning IBSE as a 
basis for the empirical studies in chapters 3 – 5. The literature study shows that it is 
important to promote both pupils’ understanding of IBSE and their skills to design and 
conduct their own inquiries. Pupils’ understanding refers to domain specific knowledge 
of facts, concepts, principles, and procedures. In addition, 21st century skills, such as 
problem solving and collaboration, are essential during IBSE. 
  To determine which scientific knowledge is important to address during IBSE, 
we studied literature on science learning and education. Subsequently, we distinguished 
four domains of scientific knowledge: the conceptual, epistemic, social, and procedural 
domain. The conceptual domain refers to understanding concepts, such as DNA. 
A skill connected to this domain is being able to differentiate between conceptual 
understanding and questions that remain to be investigated. The epistemic domain 
concerns understanding the nature of scientific knowledge and how it is generated, such 
as understanding the difference between results, conclusion, and discussion. Related 
skills are being able to process results, draw a conclusion, and discuss the results. Insight 
into the importance of collaboration during inquiry-based learning is part of the social 
domain. Being able to collaborate and communicate while working in a research group 
are related skills. Finally, procedural knowledge of inquiry-based learning refers to 
understanding (elements of ) procedures, such as understanding criteria for formulating 
a research question, and the related skill is being able to formulate a research question. 
To be able to proceed with their investigations, pupils can be supported by their teacher 
via the mentioned four domains. 
  In addition to the domains of scientific knowledge, it is important to address 
different phases in the inquiry process. In the current thesis, the inquiry process is divided 
into seven phases: introduction, exploration, designing an investigation, conducting 
the investigation, conclusion, presenting the inquiry, and deepening/broadening of 
understanding. Both the domains of scientific knowledge and the phases of inquiry are 
included in a pedagogical framework described in chapter 3. 
 Chapter 3 describes the role of the teacher in supporting the inquiry process of 
the pupils. Although the search for important knowledge domains to attend to during 
inquiry-based learning in chapter 2 resulted in four domains of scientific knowledge, it 
is unclear how and when teachers can support their pupils’ inquiry process by addressing 
these domains. Therefore, it was investigated on which domains the teacher can focus in 
each inquiry phase to support the inquiry process of the pupils. Videos of seven lesson 
modules on inquiry-based learning were analysed. The teachers who were involved 
in these lesson modules, participated in project teams with researchers of Radboud 
University, and WKRU employees. Together they developed inquiry-based lesson 
modules for primary education based on the studies of the researchers. Subsequently, 
the teachers implemented the developed lesson modules in their own classrooms. To 
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analyse the videos of these lesson modules, they were divided into different fragments. 
For each fragment, it was determined which inquiry phase and domain of scientific 
knowledge were addressed. Subsequently, we determined how the teachers supported 
their pupils, and whether the pupils were enabled to proceed with their inquiry process. 
  The results showed that the teachers guided their pupils regarding specific 
domains of scientific knowledge in each phase of inquiry. Prior to conducting the 
investigation, all domains of scientific knowledge were addressed: introduction phase 
(epistemic), exploration phase (conceptual), and designing an investigation (procedural, 
epistemic and social). For example, in the design phase of inquiry, teachers used a 
“question machine” to support the formulation of research questions (procedural 
domain). From conducting the investigation onwards, the domains of scientific 
knowledge were addressed a second time: conducting the investigation (procedural), 
conclusion phase (epistemic and procedural), presenting the inquiry (social), and 
deepening/broadening of understanding (all domains or specific choices). Based on 
these results, teacher interventions have been developed and integrated in a pedagogical 
framework that primary school teachers can use to support their pupils’ inquiry process.
  In chapter 4, tools or “hard scaffolds” are described that have been developed for 
each combination of inquiry phase and domain of scientific knowledge to facilitate the 
implementation of the pedagogical framework. Hard scaffolds are tools or documents 
that are prepared in advance to support pupils during parts of the inquiry process. For 
example, the hard scaffold “question wall” in the exploration phase of inquiry addresses 
the differentiation between acquired knowledge and remaining questions (conceptual 
domain). In addition to hard scaffolds, the teacher can provide direct support using 
soft scaffolds when pupils have questions or problems during the inquiry process. In 
the studies of the current thesis, the following soft scaffolds were implemented by the 
teachers: 1) referring to a hard scaffold, and 2) providing examples or explanations 
regarding the hard scaffold. 
  Chapter 4 elaborates how teacher implementation of hard and soft scaffolds 
contributed to pupils’ self-directed learning during open inquiry. Four cases in primary 
schools were analysed in which four teachers implemented an inquiry-based lesson module 
including hard and soft scaffolds in their own classrooms. Prior to the implementation, 
the pedagogical framework and scaffolds were discussed with each teacher. For each 
case, two voice-recorders and a video camera were used to capture the inquiry process 
of the pupils and the guidance by their teacher. The data were analysed by selecting 
verbal references to hard scaffolds or activities related to these scaffolds for each phase of 
inquiry. We labelled each fragment as “preparation of the learning process”, “engagement 
in learning activities”, or “regulation of the learning process”, to differentiate between 
the organisation and planning of the inquiry process (preparation), the application of 
the domains of scientific knowledge to pupils’ own inquiries (engagement in learning 
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activities), and the monitoring and evaluation of the inquiry process (regulation). In 
addition, each fragment was labelled as “teacher guided”, “pupil guided” or “guided by 
both teacher and pupil(s)” to establish the degree of self-directed learning. After each 
lesson and after the end of the lesson module, the teachers were interviewed about the 
implementation of the lesson module to determine how they implemented the scaffolds 
and to what extent they stimulated the pupils to design and conduct their own inquiries. 
In addition, after finishing the lesson module, about half of the pupils were interviewed 
about their understandings of and actions within each phase of inquiry. 
  The results showed that the teachers prepared the inquiry process by introducing 
and explaining each hard scaffold. Subsequently, the pupils applied the hard scaffolds 
to their investigations supported by their teacher. The inquiry process was regulated by 
both the teachers and the pupils. The teachers used soft scaffolds to refer to the hard 
scaffolds and provided additional information regarding the hard scaffolds when needed. 
However, they also directed pupils’ learning process by answering pupils’ questions 
directly without referring to a hard scaffold that would have enabled the pupils to answer 
their own questions. This can be explained by the teachers’ lack of experience with open 
IBSE and with implementing scaffolds to promote pupils’ self-directed learning.
  In the interviews, pupils answered questions about the topics on each hard 
scaffold, such as the different phases of an inquiry process. Their products, for example, 
their research question and the presentation about their research, showed that they were 
able to design and conduct their own investigations supported by their teacher. The 
most valued hard scaffolds by both teachers and pupils were the “question machine” and 
“presenting an inquiry”, because these scaffolds both informed and activated pupils to 
improve their research questions and presentations.  
 In chapter 5, a teacher professional development (TPD) programme is 
described. As research shows that teachers lack confidence in their own scientific 
knowledge and experience difficulties guiding inquiry-based learning, we developed a 
TPD programme to promote teachers’ knowledge of and attitude towards IBSE. The 
pedagogical framework and scaffolds described in chapters 3 and 4 were used as a basis 
for the TPD programme. The developed TPD programme consisted of five course 
meetings and the implementation of an inquiry-based lesson module in classroom 
practice. To improve teachers’ knowledge and attitude, important TPD components 
were included in the programme, such as a clear focus on the pedagogical framework 
and scaffolds, active inquiry-based learning, collaborative learning, and coherence with 
classroom practice. It was investigated whether and to what extent the TPD programme 
contributed to primary school teachers’ knowledge of and attitude towards IBSE. The 
teachers’ subject matter knowledge (SMK) was divided into knowledge of the conceptual, 
epistemic, social, and procedural domain. In addition to the SMK, the pedagogical 
content knowledge (PCK) to guide IBSE and the attitude of teachers towards IBSE were 
investigated. 
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  The teachers in our study were divided into an experimental group that 
participated in the TPD programme, and a control group. The control group did not 
participate in the TPD programme during the study. They participated in the programme 
after the research had been completed. The teachers in both groups had not guided more 
than one inquiry-based lesson in their own classrooms and were comparable on different 
characteristics, such as years of teaching experience. Before and after the experimental 
group participated in the TPD programme, the knowledge and attitude of both groups 
were measured via online tests and questionnaires. To gain more insight into possible 
changes in the experimental group, participants were asked directly after the fifth course 
meeting of the TPD programme to describe whether they perceived changes in their 
SMK, PCK, and attitude by taking part in the TPD programme, and whether they 
intended to guide IBSE lesson modules more often in the future. 
  The results showed that the epistemic SMK and procedural SMK of the 
experimental group did not increase significantly compared to the control group. The 
result on epistemic SMK can be explained by the limited amount of time spent on 
explicitly addressing the nature of science and the way scientific knowledge is generated 
during the TPD programme. Although the score on the procedural SMK test did not 
improve significantly after the TPD programme, the participants of the experimental 
group perceived gains in their procedural SMK. They explained that they increased 
their understanding of how to formulate a research question. In the procedural SMK 
test, participants were asked to design an investigation based on a provided research 
question. As the participants had only practised elements of research design during the 
TPD programme and had not designed a complete investigation, their procedural SMK 
score did not increase significantly. 
  The scores on the conceptual and social SMK of the experimental group, and 
the PCK, and attitude significantly improved compared to the control group. The 
perceived changes of the experimental group were in line with these results. Participants 
perceived an increase in their conceptual understanding about the topic of the inquiry-
based lesson module “perception and action”. They already had social SMK in general, 
but explained that the TPD programme enabled them to apply this knowledge to 
inquiry-based learning. The teachers were confident to guide the inquiry process. Their 
enthusiasm had increased and they intended to guide inquiry-based lesson modules in 
the future. The participants explained that the hard scaffolds and the implementation 
of the inquiry-based lesson module in classroom practice had contributed to these 
positive changes. The results showed that a TPD programme focusing on understanding 
and implementing a pedagogical framework of inquiry phases, domains of scientific 
knowledge and scaffolds, can promote primary school teachers’ knowledge of and 
attitude towards IBSE.
  In chapter 6, the general conclusions of the thesis are provided. To professionalise 
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primary school teachers in IBSE, three research questions were formulated. The first 
research question of the thesis, “How can primary school teachers support their 
pupils during open IBSE?” has been answered via the development of a pedagogical 
framework. In this framework, teacher interventions are described for each phase of 
inquiry combined with specific domains of scientific knowledge. When implementing 
the pedagogical framework in their own classrooms, teachers could consider other or 
additional combinations of domains and phases depending on their specific context of 
inquiry-based learning. 
  The second research question of the thesis is “How does teacher implementation 
of hard and soft scaffolds contribute to pupils’ self-directed learning during open 
inquiry?” This question has been answered by investigating the implementation of 
hard and soft scaffolds, and the direction of the inquiry process by the teachers and 
their pupils. After the teachers had prepared the inquiry process by introducing the 
hard scaffolds, the pupils applied the scaffolds to their own inquiries, supported by 
their teachers who provided soft scaffolds or directly answered pupils' questions. Both 
pupils and their teachers regulated the inquiry process. When the scaffolds are used in 
subsequent inquiry-based lesson modules, it is advised to gradually fade the hard and 
soft scaffolds to further enable pupils’ self-directed learning. 
  The third research question of the thesis is “Whether and to what extent does 
a TPD programme, based on a pedagogical framework for inquiry-based learning 
combined with hard and soft scaffolds, contribute to primary school teachers’ knowledge 
of and attitudes towards IBSE?” This question has been answered by developing a TPD 
programme based on the pedagogical framework and scaffolds. The TPD programme 
focused on constructing participants’ own knowledge of the domains of scientific 
knowledge combined with phases of inquiry, and the implementation of an inquiry-
based lesson module including scaffolds in their classroom practice. The developed TPD 
programme promoted teachers’ knowledge of and attitude towards IBSE. For future 
research, it is advised to further investigate teachers’ own research skills. In addition, 
it is recommended to determine whether and how these skills affect teachers’ ability 
to support their pupils’ inquiry process when implementing an inquiry-based lesson 
module in classroom practice. 
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Samenvatting
Dit proefschrift richt zich op de rol van de leraar tijdens het onderzoekend leren in 
het basisonderwijs. Hoofdstuk 1 verheldert het onderzoekend leren, waarbij leerlingen 
in staat worden gesteld om onderzoek te ontwerpen en uit te voeren, en zo hun eigen 
onderzoeksvragen te beantwoorden. Hoofdstuk 2 presenteert een literatuurstudie om 
inzicht te geven in recente ontwikkelingen op het gebied van onderzoekend leren, zoals 
het focussen op zowel kennis als vaardigheden ter ondersteuning van het onderzoek 
van leerlingen. Omdat uit onderzoek blijkt dat leraren moeite hebben met het 
begeleiden van het open proces van onderzoekend leren, presenteert dit proefschrift 
een pedagogisch-didactisch raamwerk voor leraren om hun leerlingen te ondersteunen 
tijdens open vormen van onderzoekend leren (hoofdstuk 3). In hoofdstuk 4 worden 
hulpmiddelen oftewel ‘scaffolds’ gecombineerd met het pedagogisch-didactisch 
raamwerk in een meervoudige casestudie om het zelfgestuurd leren van leerlingen te 
bevorderen. Het pedagogisch-didactisch raamwerk en de scaffolds vormden de basis 
voor een professionaliseringsprogramma voor leraren. Hoofdstuk 5 presenteert een 
pretest-posttest studie met betrekking tot de invloed van dit programma op de kennis 
van leraren over het (begeleiden van het) onderzoekend leren en hun attitude ten aanzien 
van onderzoekend leren. Tot slot presenteert hoofdstuk 6 conclusies en implicaties 
voor toekomstig onderzoek en de onderwijspraktijk. Een samenvatting van elk van de 
hoofdstukken wordt hierna weergegeven.
  Hoofdstuk 1 beschrijft dat onderzoekend leren in verschillende landen 
gestimuleerd wordt via projecten en programma’s gericht op het ontwikkelen van 
materialen, activiteiten en professionalisering van leraren. In veel internationale 
literatuur op het gebied van wetenschapseducatie wordt de noodzaak van verder 
onderzoek naar essentiële componenten van professionalisering van leraren ten aanzien 
van het onderzoekend leren benadrukt. Het huidige proefschrift analyseert hoe leraren 
hun leerlingen kunnen ondersteunen tijdens het onderzoekend leren en hoe zij toegerust 
kunnen worden om onderzoekend leren te implementeren in de klaspraktijk. De studies 
beschreven in dit proefschrift zijn uitgevoerd bij het Wetenschapsknooppunt Radboud 
Universiteit (WKRU) in Nederland. Dit wetenschapsknooppunt werkt samen met 
onderzoekers, lerarenopleidingen, basisscholen en wetenschapscentra om het begrip 
en de houding van zowel leerlingen als leraren ten aanzien van onderzoekend leren 
te bevorderen en activiteiten te ontwikkelen die kunnen worden geïmplementeerd in 
basisscholen. Om de rol van de leraar in lessen over onderzoekend leren te verhelderen 
en leraren in staat te stellen deze rol te vervullen, bevat het proefschrift de volgende 
onderzoeksvragen:
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1) Hoe kunnen leraren in het basisonderwijs hun leerlingen ondersteunen tijdens open 
vormen van onderzoekend leren?
2) Hoe draagt de implementatie van harde en zachte scaffolds bij aan het zelfgestuurd 
leren van leerlingen tijdens open vormen van onderzoekend leren?
3) In welke mate draagt een professionaliseringsprogramma gebaseerd op een 
pedagogisch-didactisch raamwerk over onderzoekend leren in combinatie met harde 
en zachte scaffolds bij aan de kennis en attitude van leraren basisonderwijs ten 
aanzien van het onderzoekend leren?
In hoofdstuk 2 geeft een literatuurstudie inzicht in recente ontwikkelingen die 
betrekking hebben op het onderzoekend leren als basis voor de empirische studies in 
de hoofdstukken 3 - 5. De literatuurstudie toont aan dat het belangrijk is om zowel het 
begrip van leerlingen over onderzoekend leren te vergroten als hun vaardigheden om 
onderzoek te ontwerpen en uit te voeren. Bij het begrip gaat het om domeinspecifieke 
kennis van feiten, concepten, principes en procedures. Daarnaast staan 21e eeuwse 
vaardigheden centraal, zoals het oplossen van problemen en samenwerken. 
  Om te bepalen welke wetenschappelijke kennis van belang is tijdens het 
onderzoekend leren, hebben we literatuur over het leren en onderwijzen van wetenschap 
bestudeerd. Op basis daarvan onderscheiden we vier domeinen van wetenschappelijke 
kennis: het conceptuele, epistemische, sociale en procedurele domein. Het conceptuele 
domein verwijst naar het begrijpen van concepten zoals DNA. Een vaardigheid 
die verbonden is met dit domein is onderscheid maken tussen de kennis die je hebt 
opgedaan en vragen die overblijven om onderzocht te worden. Het epistemische 
domein betreft het begrijpen van de aard van wetenschappelijke kennis en hoe deze 
wordt gegenereerd, zoals het begrijpen van het verschil tussen resultaten, conclusie en 
discussie. Bijbehorende vaardigheden zijn het kunnen verwerken van de resultaten, een 
conclusie kunnen trekken en het onderzoek kunnen evalueren. Inzicht in het belang van 
samenwerken tijdens onderzoekend leren maakt deel uit van het sociale domein. Het 
kunnen samenwerken en communiceren tijdens het werken in een onderzoeksgroep zijn 
gerelateerde vaardigheden. Tot slot verwijst procedurele kennis over onderzoekend leren 
naar het begrijpen van (onderdelen van) procedures, zoals het begrijpen van criteria voor 
het formuleren van een onderzoeksvraag. De bijbehorende vaardigheid is het kunnen 
opstellen van een onderzoeksvraag. Om het onderzoeksproces te doorlopen, kunnen 
leerlingen door hun leraar ondersteund worden op de genoemde vier domeinen. 
  Naast de domeinen van wetenschappelijke kennis is het belangrijk om aandacht 
te besteden aan verschillende fasen in het onderzoeksproces. In het huidige proefschrift 
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is het onderzoeksproces opgedeeld in zeven fasen: introductie, verkennen, opzetten 
van onderzoek, uitvoeren van onderzoek, concluderen, presenteren en het verdiepen/
verbreden van inzichten. Zowel de domeinen van wetenschappelijke kennis als de 
onderzoeksfasen zijn opgenomen in een pedagogisch-didactisch raamwerk dat wordt 
beschreven in hoofdstuk 3.
  Hoofdstuk 3 beschrijft de rol van de leraar bij het ondersteunen van het 
onderzoeksproces van leerlingen. Hoewel de zoektocht naar belangrijke kennisdomeinen 
in hoofdstuk 2 resulteerde in vier domeinen van wetenschappelijke kennis, is het 
onduidelijk hoe en wanneer leraren hun leerlingen tijdens het onderzoeksproces kunnen 
ondersteunen ten aanzien van deze domeinen. Daarom is onderzocht op welke domeinen 
de leraar zich in elke onderzoeksfase kan concentreren om het onderzoeksproces van 
leerlingen te ondersteunen. Video’s van zeven lesmodules over onderzoekend leren 
werden geanalyseerd. De leraren die betrokken waren bij deze lesmodules namen deel aan 
projectteams met onderzoekers van de Radboud Universiteit en WKRU-medewerkers. 
Samen ontwikkelden ze lesmodules over onderzoekend leren voor het basisonderwijs 
gebaseerd op het onderzoek van de onderzoekers. Vervolgens implementeerden de leraren 
de ontwikkelde lesmodules in hun eigen klassen. Om de video’s van deze lesmodules 
te analyseren, werden ze verdeeld in verschillende fragmenten. Van elk fragment werd 
vastgesteld welke onderzoeksfase en welk domein van wetenschappelijke kennis centraal 
stonden. Vervolgens werd bekeken hoe de leraren hun leerlingen ondersteunden en of 
de leerlingen in staat waren om hun onderzoeksproces voort te zetten.
  Uit de resultaten bleek dat de leraren hun leerlingen begeleidden op specifieke 
domeinen van wetenschappelijke kennis in elke onderzoeksfase. Voorafgaand aan het 
uitvoeren van het onderzoek kwamen alle domeinen van wetenschappelijke kennis aan 
bod: introductiefase (epistemisch), verkenningsfase (conceptueel) en ontwerpen van een 
onderzoek (procedureel, epistemisch en sociaal). In de ontwerpfase van het onderzoek 
gebruikten de leraren bijvoorbeeld een ‘vragenmachientje’ om het formuleren van 
onderzoeksvragen (procedurele domein) te ondersteunen. Vanaf het uitvoeren van het 
onderzoek kwamen de domeinen van wetenschappelijke kennis nogmaals aan bod: 
uitvoeren van het onderzoek (procedureel), conclusie (epistemisch en procedureel), 
presenteren van het onderzoek (sociaal) en verdiepen/verbreden van inzicht (alle 
domeinen of specifieke keuzes). Op basis van deze resultaten zijn interventies ontwikkeld 
en geïntegreerd in een pedagogisch-didactisch raamwerk. Leraren in het basisonderwijs 
kunnen dit raamwerk gebruiken om het onderzoeksproces van hun leerlingen te 
ondersteunen. 
 In hoofdstuk 4 worden hulpmiddelen of ‘harde scaffolds’ beschreven die zijn 
ontwikkeld voor elke combinatie van onderzoeksfase en domein van wetenschappelijke 
kennis om de implementatie van het pedagogisch-didactische raamwerk te 
vergemakkelijken. Harde scaffolds zijn hulpmiddelen die van tevoren zijn voorbereid 
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om leerlingen te ondersteunen bij bepaalde onderdelen van het onderzoeksproces. 
De harde scaffold ‘vragenmuur’ in de verkenningsfase van het onderzoek richt zich 
bijvoorbeeld op het onderscheid tussen verworven kennis en resterende vragen (het 
conceptuele domein). Naast harde scaffolds kan de leraar directe ondersteuning bieden 
met behulp van zachte scaffolds wanneer leerlingen vragen of problemen hebben tijdens 
het onderzoeksproces. In de onderzoeken beschreven in dit proefschrift zijn de volgende 
zachte scaffolds geïmplementeerd door de leraren: 1) verwijzen naar een harde scaffold 
en 2) voorbeelden of uitleg geven met betrekking tot de harde scaffold.
  Hoofdstuk 4 gaat in op de manier waarop de implementatie van harde en 
zachte scaffolds tijdens het onderzoekend leren heeft bijgedragen aan het zelfgestuurd 
leren van leerlingen. Vier cases in basisscholen zijn geanalyseerd, waarbij vier leraren een 
lesmodule over onderzoekend leren inclusief harde en zachte scaffolds  implementeerden 
in hun eigen klassen. Voorafgaand aan de implementatie werden het pedagogisch-
didactische raamwerk en de scaffolds besproken met elke leraar. Bij iedere case werden 
twee dictafoons en een videocamera gebruikt om het onderzoeksproces van de leerlingen 
en de begeleiding door hun leraar vast te leggen. De gegevens zijn geanalyseerd voor 
elke onderzoeksfase door verbale verwijzingen naar harde scaffolds te selecteren of naar 
activiteiten gerelateerd aan deze scaffolds. We labelden elk fragment als ‘voorbereiding 
van het leerproces’, ‘uitvoering van leeractiviteiten’ of ‘regulering van het leerproces’, 
om onderscheid te maken tussen het organiseren en plannen van het onderzoeksproces 
(voorbereiding), het toepassen van de domeinen van wetenschappelijke kennis op het 
eigen onderzoek van leerlingen (uitvoeren van leeractiviteiten) en het monitoren en 
evalueren van het onderzoeksproces (regulering). Bovendien werd elk fragment gelabeld 
als ‘door de leraar gestuurd’, ‘door de leerling(en) gestuurd’ of ‘gestuurd door zowel 
leraar als leerling(en)’ om de mate van zelfgestuurd leren vast te stellen. Na elke les en 
na afloop van de lesmodule werden de leraren geïnterviewd over de implementatie van 
de lesmodule. Zo kon worden nagegaan hoe ze de scaffolds inzetten en in hoeverre 
ze leerlingen stimuleerden om hun eigen onderzoek op te zetten en uit te voeren. 
Bovendien werd na het beëindigen van de lesmodule ongeveer de helft van de leerlingen 
geïnterviewd over hun begrip van en acties binnen elke onderzoeksfase.
  De resultaten toonden aan dat de leraren het onderzoeksproces voorbereidden 
door elke harde scaffold te introduceren en uit te leggen. Vervolgens pasten de leerlingen 
de harde scaffolds toe op hun onderzoeken, ondersteund door hun leraren. Het 
onderzoeksproces werd gereguleerd door zowel de leraren als de leerlingen. De leraren 
gebruikten zachte scaffolds om naar de harde scaffolds te verwijzen en gaven aanvullende 
informatie over de harde scaffolds wanneer dat nodig was. Ze stuurden echter ook 
het leerproces van de leerlingen door direct hun vragen te beantwoorden zonder een 
verwijzing naar een harde scaffold waarmee de leerlingen hun eigen vragen hadden 
kunnen beantwoorden. Dit kan worden verklaard door het gebrek aan ervaring van 
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leraren met open vormen van onderzoekend leren en het implementeren van scaffolds 
om het zelfgestuurd leren van leerlingen te bevorderen. 
  In de interviews beantwoordden leerlingen vragen over de onderwerpen op elke 
harde scaffold, zoals de verschillende fasen van een onderzoeksproces. Hun producten, 
bijvoorbeeld hun onderzoeksvraag en de presentatie van hun onderzoek, toonden 
aan dat ze in staat waren om met ondersteuning van hun leraar eigen onderzoeken 
te ontwerpen en uit te voeren. De meest gewaardeerde harde scaffolds van zowel de 
leraren als de leerlingen waren het ‘vragenmachientje’ en het ‘presenteren van een 
onderzoek’, omdat deze scaffolds de leerlingen zowel informeerden als activeerden om 
hun onderzoeksvragen en presentaties te verbeteren. 
 In hoofdstuk 5 wordt een professionaliseringsprogramma voor leraren 
beschreven. We hebben dit professionaliseringsprogramma ontwikkeld om de kennis van 
leraren en hun attitude ten aanzien van onderzoekend leren te bevorderen. Onderzoek 
toont namelijk aan dat leraren geen vertrouwen hebben in hun eigen wetenschappelijke 
kennis en moeite hebben met het begeleiden van het onderzoekend leren. Het 
pedagogisch-didactische raamwerk en de scaffolds beschreven in de hoofdstukken 3 en 
4 werden gebruikt als basis voor het professionaliseringsprogramma. Het ontwikkelde 
professionaliseringsprogramma bestaat uit vijf cursusbijeenkomsten en de implementatie 
van een lesmodule over onderzoekend leren in de onderwijspraktijk. Om de kennis en 
attitude van leraren te verbeteren, zijn belangrijke componenten in de professionalisering 
opgenomen, zoals een duidelijke focus op het pedagogisch-didactische raamwerk en 
de scaffolds, actief onderzoekend leren, samenwerkend leren en samenhang met de 
klassenpraktijk. Er is onderzocht in welke mate het professionaliseringsprogramma 
bijdroeg aan de kennis en attitude van leraren basisonderwijs ten aanzien van het 
onderzoekend leren. De inhoudelijke kennis van leraren (SMK) is verdeeld in kennis 
van het conceptuele, epistemische, sociale en procedurele domein. Naast de SMK zijn 
de pedagogisch-didactische kennis (PCK) om onderzoekend leren te begeleiden en de 
attitude van leraren ten aanzien van het onderzoekend leren onderzocht. 
  De leraren in ons onderzoek werden verdeeld in een experimentele groep die 
deelnam aan het professionaliseringsprogramma en een controlegroep. De controlegroep 
nam tijdens het onderzoek niet deel aan het professionaliseringsprogramma. Zij namen 
deel aan het programma nadat het onderzoek was afgerond. De leraren in beide groepen 
hadden niet meer dan één les over onderzoekend leren hun eigen klas begeleid en 
waren vergelijkbaar op verschillende kenmerken, zoals het aantal jaren ervaring met 
lesgeven. Voor en na het deelnemen aan het professionaliseringsprogramma door de 
experimentele groep werden de kennis en attitude van beide groepen gemeten via 
online tests en vragenlijsten. Om meer zicht te krijgen op mogelijke veranderingen 
bij de experimentele groep, werd de deelnemers bovendien direct na de vijfde 
cursusbijeenkomst van het professionaliseringsprogramma gevraagd om te beschrijven 
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of zij veranderingen in hun SMK, PCK en attitude ondervonden door deel te nemen 
aan het professionaliseringsprogramma en of zij in de toekomst van plan waren om 
vaker lesmodules over onderzoekend leren te begeleiden.
  De resultaten toonden aan dat de epistemische SMK en procedurele SMK van 
de experimentele groep niet significant toenamen in vergelijking met de controlegroep. 
Het resultaat op epistemische SMK kan worden verklaard door de beperkte hoeveelheid 
tijd die tijdens het professionaliseringsprogramma expliciet werd besteed aan de aard 
van wetenschappelijke kennis en de manier waarop deze wordt gegenereerd. Hoewel de 
score op de procedurele SMK test na het professionaliseringsprogramma niet significant 
toenam, ondervonden de deelnemers van de experimentele groep wel een verbetering in 
hun procedurele SMK. Ze legden uit dat ze beter begrepen hoe ze een onderzoeksvraag 
moesten formuleren. In de procedurele SMK test werd de deelnemers gevraagd een 
onderzoek te ontwerpen op basis van een al geformuleerde onderzoeksvraag. Omdat 
de deelnemers tijdens het professionaliseringsprogramma alleen elementen van het 
ontwerpen van onderzoek hadden toegepast en niet een geheel onderzoek hadden 
ontworpen, nam hun procedurele SMK-score niet significant toe.
  De scores op de conceptuele en sociale SMK, de PCK en de attitude van de 
experimentele groep namen wel significant toe in vergelijking met de controlegroep. De 
gepercipieerde veranderingen van de experimentele groep waren in overeenstemming 
met deze resultaten. Deelnemers zagen een toename in hun conceptueel begrip van 
het onderwerp van de lesmodule over onderzoekend leren, namelijk ‘perceptie 
en actie’. Ze hadden al sociale SMK in het algemeen, maar legden uit dat het 
professionaliseringsprogramma hen in staat stelde om deze kennis toe te passen op 
het onderzoekend leren. De leraren hadden vertrouwen in het begeleiden van het 
onderzoeksproces. Hun enthousiasme was toegenomen en ze waren van plan om in 
de toekomst vaker lesmodules over onderzoekend leren te begeleiden. De deelnemers 
legden uit dat de harde scaffolds en de implementatie van de lesmodule in de klaspraktijk 
hadden bijgedragen aan deze positieve veranderingen. De resultaten lieten zien dat een 
professionaliseringsprogramma gericht op het begrijpen en implementeren van een 
pedagogisch-didactisch raamwerk van onderzoekfasen, domeinen van wetenschappelijke 
kennis en scaffolds, de kennis en attitude van leraren basisonderwijs ten opzichte van 
onderzoekend leren kan bevorderen.
  In hoofdstuk 6 worden de algemene conclusies van het proefschrift gegeven. 
Om leraren basisonderwijs te professionaliseren in het onderzoekend leren zijn er drie 
onderzoeksvragen opgesteld. De eerste onderzoeksvraag van het proefschrift: ‘Hoe 
kunnen leraren in het basisonderwijs hun leerlingen ondersteunen tijdens open vormen 
van onderzoekend leren?’ is beantwoord via het ontwikkelen van een pedagogisch-
didactisch raamwerk. In dit raamwerk worden interventies door de leraar beschreven 
voor elke onderzoeksfase gecombineerd met specifieke domeinen van wetenschappelijke 
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kennis. Bij de implementatie van het pedagogisch-didactisch raamwerk in hun eigen 
klas, zouden leraren andere of aanvullende combinaties van domeinen en fasen kunnen 
overwegen, afhankelijk van hun specifieke context van onderzoekend leren. 
  De tweede onderzoeksvraag van het proefschrift is: ‘Hoe draagt de implementatie 
van harde en zachte scaffolds bij aan het zelfgestuurd leren van leerlingen tijdens open 
vormen van onderzoekend leren?’ Deze vraag is beantwoord door de implementatie van 
harde en zachte scaffolds te onderzoeken en de mate van sturing van het onderzoeksproces 
door leraren en leerlingen. Nadat de leraren het onderzoeksproces hadden voorbereid 
door de harde scaffolds te introduceren, pasten de leerlingen de scaffolds toe op hun eigen 
onderzoek, ondersteund door hun leraren die zachte scaffolds gaven of direct antwoord 
gaven op de vragen van leerlingen. Zowel de leerlingen als hun leraren reguleerden het 
onderzoeksproces. Wanneer scaffolds worden gebruikt in lesmodules over onderzoekend 
leren, is het raadzaam geleidelijk de harde en zachte scaffolds weg te nemen om het 
zelfgestuurd leren van leerlingen verder te bevorderen. 
  De derde onderzoeksvraag van het proefschrift is: ‘In welke mate draagt een 
professionaliseringsprogramma gebaseerd op een pedagogisch-didactisch raamwerk over 
onderzoekend leren in combinatie met harde en zachte scaffolds bij aan de kennis en 
attitude van leraren basisonderwijs ten aanzien van het onderzoekend leren?’ Deze vraag 
is beantwoord via het ontwikkelen van een professionaliseringsprogramma gebaseerd op 
het pedagogisch-didactisch raamwerk en de scaffolds. Het professionaliseringsprogramma 
richtte zich op het construeren van de eigen kennis van deelnemers wat betreft de 
domeinen van wetenschappelijke kennis en fasen van onderzoekend leren, en het 
implementeren van een lesmodule over onderzoekend leren inclusief scaffolds in hun 
klaspraktijk. Het ontwikkelde professionaliseringsprogramma verbeterde de kennis en 
attitude van leraren ten aanzien van het onderzoekend leren. Voor toekomstig onderzoek 
wordt geadviseerd om verder onderzoek te doen naar de eigen onderzoeksvaardigheden 
van leraren. Ook wordt aangeraden om te bepalen of en hoe deze vaardigheden het 
vermogen van leraren beïnvloeden om het onderzoeksproces van hun leerlingen te 
ondersteunen bij het implementeren van een lesmodule over onderzoekend leren in de 
onderwijspraktijk.
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Dankwoord
Ik heb met veel plezier gewerkt aan de verschillende onderzoeken in dit proefschrift over 
het professionaliseren van leraren ten aanzien van het onderzoekend leren. Ik vond het 
erg prettig dat ik zowel kon bijdragen aan theorie over onderzoekend leren als direct 
leraren in de praktijk kon adviseren en inspireren om met het onderzoekend leren aan 
de slag te gaan. 
Mijn dank gaat uit naar verschillende mensen die hebben meegewerkt aan de 
totstandkoming van het proefschrift.
Ik wil graag Carl Figdor bedanken voor de geboden kans om promotieonderzoek 
te doen naar het onderzoekend leren. Leuk dat je bovendien deel uitmaakt van de 
promotiecommissie en mij een vraag gaat stellen!
Ik bedank graag mijn promotor Hub Zwart voor het overzicht houden op het gehele 
proefschrift. Ook vond ik het prettig om te weten dat ik voor een afspraak altijd terecht 
kon en snel antwoord kreeg op vragen.
Bovendien wil ik graag mijn copromotoren Roald Verhoeff en Marieke Peeters bedanken 
die in de praktijk een grote rol hebben gespeeld.
Marieke, bedankt voor het in het oog houden van de rode draad binnen elk onderzoek. 
Ik vond het bovendien gezellig om met je samen te werken toen je als leidinggevende 
werkte bij het WKRU. Fijn dat je naast je nieuwe baan bij de HAN tijd maakte om me 
te blijven begeleiden bij mijn proefschrift!
Roald, ik wil je bedanken voor de gedetailleerde feedback op mijn stukken. Ook toen 
je van werk veranderde en in Utrecht aan de slag ging, ben jij je blijven inzetten voor 
mijn proefschrift en kon ik altijd op korte termijn terecht met vragen of voor input. We 
hebben regelmatig telefonisch overlegd en ik had na afloop daarvan telkens weer nieuwe 
ideeën om verder te werken aan het proefschrift. Bedankt!
Voor het meedenken, de antwoorden op mijn administratieve vragen en de gezellige 
gesprekken wil ik Vera Jansen graag bedanken.
Uiteraard wil ik ook mijn collega’s van het WKRU bedanken voor hun bijdragen aan 
het proefschrift en het luisteren naar alle proefschriftperikelen! Esther, bedankt voor 
Chapter 9
192
het helpen bij de vormgeving van verschillende documenten. En voor de gezellige 
pauzewandelingen! Jan, ik vond het leuk om samen verschillende scaffolds op te stellen 
die leraren in hun klas kunnen inzetten tijdens het onderzoekend leren. Bovendien denk 
ik dat het door ons georganiseerde WKRU-uitje, ondanks erg goede pogingen, toch niet 
te overtreffen is! Sanne, je hebt als teamleider van het WKRU het stokje van Marieke 
overgenomen. Ik bedank je voor de feedback op verschillende stukken. Ook ben ik erg 
blij met je tips over het afronden van het proefschrift! Rosa en Josje, bedankt voor de 
gezelligheid tijdens de verschillende activiteiten van het WKRU!
Voor de data-analyse van het onderzoek over de professionalisering van leraren was ik 
op zoek naar een tweede beoordelaar. Dat werd Ilse Jager, die toevallig op dat moment 
had aangeboden om activiteiten voor het WKRU uit te voeren. Bedankt Ilse voor de 
gezelligheid en het meewerken aan mijn onderzoek!
Verder bedank ik graag alle leraren en leerlingen die hebben deelgenomen aan mijn 
onderzoek. Voor sommige leraren betekende dat een korte scholing in het werken met 
scaffolds, mijn aanwezigheid bij ongeveer 10 lessen in hun eigen klas en het houden van 
interviews na afloop van elke les. Ondanks de beperkte tijd van deze leraren hebben ze 
zich met veel enthousiasme voor het onderzoek ingezet. Voor andere leraren betekende 
het een deelname aan de professionaliseringscursus die ik in het kader van het onderzoek 
ontwikkeld en gegeven heb. Ik vond het erg inspirerend hoe jullie het onderzoekend 
leren implementeerden in jullie eigen klassen. Bedankt allemaal!
Tot slot bedank ik mijn lieve familie en vrienden voor de interesse in mijn proefschrift 
en het luisteren naar alle verhalen daarover. En speciaal bedank ik graag pap, mam en 
Esther. Jullie staan altijd voor me klaar en helpen me waar nodig. Dank je wel!
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